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HH Visible—Audible—Quantitative indications 
; External probe facilitates are made possible by neon-bulb flashes, 
loud-speaker clicks, and a calibrated meter 
exploration in immediate which counts up to 2500 per minute. A 
Geiger tube detects gamma and high en- 
ergy beta rays, and a selector switch for 
vicinity. Large meter permits meter permits indication of either volt- 
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Principles of ANIMAL ECOLOGY* 
is the definitive work in the field 


*by Allee, Emerson, O. Park, T. Park & Schmidt 


‘*... by far the most important general treatise on the subject that has ever been 
published. Anyone who takes the trouble to master this great treatise will find 
himself as well educated in animal ecology as anyone can be from a book.’’ 
—Journal of Animal Ecology 
‘*... cannot fail to be a landmark in the development of animal ecology in this 
century.”’ —Nature 
‘*. . . the first text on the subject which has formulated clearly the many 
emerging principles of the new science. Zoologists both ‘pure’ and ‘applied’ will 
find Principles of Animal Ecology the most authoritative work now available 
for reference and for teaching purposes.’’—The Australian Journal of Science 


**Since Haeckel’s suggestion of the term ecology in 1870, no group of authors 
has done more than this illustrious quintet to establish the science on a firm 
basis.”’ —Science 
‘*. . . provides a comprehensive and authoritative reference in which entomol- 
ogists, taxonomists, and the many other biologists who deal with some phase of 
ecology can find information on their ecological problems and others’ work with 
comparable problems. It will be a standard reference in ecology in the future, 
and the most valuable single reference work in the field.’’ 

—Annals of Entomological Society of America 


‘*A timely, excellent volume in an important field.’’ —American Scientist 


‘In their advertising the publishers refer to this book as ‘without any question 
the definitive work in the field’, a statement with which the reviewer is pleased 
to express unqualified agreement. No obvious phase of ecology, as understood by 
biologists, has been slighted. . . . It is a reference book which every ecologist 
must possess.”’ —Ecology 


By W. C. ALLEE, Professor of Zoology Emeritus, University of Chieago; Professor of Biology, 
University of Florida; ALrrep E. Emerson, Professor of Zoology, University of Chicago; 
ORLANDO PaRK, Professor of Zoology, Northwestern University; THomas Park, Professor 
of Zoology, University of Chicago; and Kart P. Scumupt, Chief Curator of Zoology, Chicago 
Natural History Museum. 837 pages, 64” x94”, with 263 illustrations. $14.00. 
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0.1 Micron Guaranteed 
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DEPENDABLE RESULTS 
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LONGER LIFE 


$210.00 


No. 1405-B 


@ DURABLE e ECONOMICAL 
EFFICIENT 


IMMEDIATE SHIPMENT 


40 - Page Booklet on — 
Welch Duo-seal Pumps 
and High Vacuum Tech- 
niques Sent Free on Request. : 
Write For Your Copy! 


Established 
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AAPG Research 


HE function of the Research Committee of the 

American Association of Petroleum Geologists, as 
defined in the by-laws, is “the advancement of re- 
search, particularly within the field of Petroleum Ge- 
ology.” Thus the committee does not do research but 
encourages it by various means. 

Encouragement may take the form of grants-in-aid 
to research workers who are engaged on projects in 
sedimentation, structural geology, historical geology, 
or any of the other branches of the science that may 
have a bearing on the origin, migration, or acecumula- 
tion of oil and gas. In addition, the committee attempts 
to guide research workers, to prevent overlapping in 
research, and to coordinate the activities of separate 
workers. It is always eager to learn of projects that 
are under way or planned. Lack of funds prevents the 
committee from making substantial grants to any one 
research program, but many such projects have been 
supported, and persons seeking financial aid should 
present a thorough outline of their program to the 
committee. 

Several important publications of the association 
are outgrowths of symposia held at annual meetings 
of the group. These symposia have proved most popu- 
lar with the membership. Although the assembly of 
data on particular problems such as stratigraphic-type 
oil fields or the time of accumulation of oil and gas 
may not be considered to be research by some, a great 
amount of after-office-hours labor has gone into these 
symposia. Ideas have been uncovered and developed 
that would otherwise lie buried in files. 

“Production of Oil and Gas from Fractured Reser- 
voirs” will be the theme of the symposium to be held 
at Los Angeles during the annual meeting of the As- 
sociation in March 1952. This subject is certain to 
attract considerable interest and to promote much 
speculation because of the great interest at the pres- 


Gladys M. Keener 
Executive Editor 


AAAS EDITORIAL BOARD 
(Terms Eapire June $0, 1952) 
Howard A. Meyerhoff, Chairman 

William R. Amberson Karl Lark-Horovitz 
Bentley Glass Lorin J. Mullins 


F. A. Moulton, Advertising Representative 


ent time in Sprayberry zone production in many 
fields of West Texas. Geologists in that area believe 
that much, if not all, the oil and gas found in that 
zone are in fractured beds. These fields occupy an 
area estimated to measure 80 by 20 miles, in which 
200 wells are now drilling. The Gilbertown field in 
Alabama and some Mississippian “chat” fields in Kan- 
sas are believed to produce from fractured reservoirs. 
One of the oldest oil fields in the world—Florence, 
Colorado—produces from fractured shales. Fractured 
limestone has been a source of much production in 
Venezuela, Canada, and the Middle East. An attempt 
will be made to inelude a discussion of each of these 
types of accumulation at the Los Angeles meeting. 

This year members of the committee will be think- 
ing in terms of commercial oil production from econ- 
tinental deposits. This was the second choice of the 
membership as a theme for the annual meeting, so it 
is planned that preliminary steps be taken toward the 
preparation of a symposium on this subject. This may 
be the theme of the research meeting for 1953, or it 
may occupy the position of a second symposium at 
Los Angeles. Proved examples of commercial oil or 
gas production from continental deposits are relatively 
searce, but a growing realization of their possibilities 
has created an interest in this subject at a time when 
any type or amount of oil accumulation is of increas- 
ing value. A restudy of thirty-year-old oilfields has 
been considered as a third field of investigation for 
the committee this year. 

The last business meeting of the association author- 
ized the acceptance of gifts to build up the research 
fund of the organization. It is hoped that this fund 
ean be increased to such an amount that a consistent 
policy of financial support for worthy research pro- 
jects ean be followed. 

Epwarp A. Koester 
Research Committee 
American Association of Petroleum Geologists 
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SCIENTISTS AND 
LABORATORY TECHNICIANS 
INSIST UPON THE BEST 


MaAter Cleaner 


If your dealer cannot supply you, 
write for literature and samples. 


‘humidity an 


Drying Problem Solved 
by New Method 


New, Niagara “Controlled Humidity” Method pro- 
vides air at __. conditions of temperature and 

permits accurate variations of such 
conditions at will, in the range of 34°F. to 140°F.; 
also below 32°. if required. 

This Method uses “Hygrol” liquid absorbent to re- 
move moisture from the air directly, saving the cost 
of refrigeration for dehumidification. Operation is 
completely and reliably automatic; the en | is 
re-concentrated as fast as it is used. 

It is used successfully in drying processes, control 
of mate preventing moisture dam- 
: age to materials or instru- 
ments, providing con- 
trolled atmosphere for 
tests and experiments. 
Units capacity 
ranges from 1000 c. f. m. 
to 20,000 ec. f. m. 

Write for Bulletin 
No. 112; address Niagara 
Blower Co., Dept. SW, 
405 Lexington Avenue, 
New York 17, N.Y. 


PHOTOVOLT 
Exposure Photometer Mod. 200-M 


for 
PHOTOMICROGRAPH Y 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Price $65.— 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 
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»\ Now finding new investigational use 


i Highest Purity Insulin, zinc-free, prepared by the fibril method* to 

ea free it from foreign proteins, is now wailable.T e Research Division 

of Armour and Company, in keeping with its policy of providing 

oe, fine biochemicals for research work, offers to qualified investigators 
small quantities of pure insulin for laboratory or animal use. 


Because of the active interest in coenzymes and cofactors involved 
in intermediate metabolism, we also offer: Liver Coenzyme Con- 
& centrate — a preparation obtained from animal liver, for use as a 
oo source of Coenzyme A, TPN, DPN and other cofactors. Purified 
TPN (Triphosphopyridinenucleotide, Coenzyme II). 
For further information on these materials and a catalog listing 
experimental products, write to Biochemical Sales Research. 


*Waugh: J. Am. Chem. Soc. 70, 1850-1857 (1948). 
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LEITZ MICROSCOPES 
LEICA CAMERAS AND ACCESSORIES 


Positioned for 
horizontal projection 


When both price and precision must be considered in adding 
micro-projection equipment, your wisest choice by far is the 
XbIl. Ideal for pathological conferences, classroom instruction, 
and hospital staff meetings, it produces a clear, brilliant image 
which is easily visible to all observers present. Combined micro- 
scope and illuminating unit can be used in either horizontal or 
vertical position. Quadruple nosepiece for objectives and con- 
densers makes for easy, rapid changeover from one magni- 
fication to another. Available with additional optical equipment 
and lighting accessories to meet special requirements. 


FEATURES— 


Special condenser for each objective 

Arc lamp with clockwork feeding mechanism 
in light-proof housing 

Rack and pinion coarse adjustment, dual 
micrometer fine adjustment 

Dovetail slider for convenient interchange 
of body tube with draw tube 


Another of the famous Leitz microscopes — recognized every- 


where since 1849 as the finest microscopes made anywhere. 


For further information write Dept. 103SC 
E. LEITZ, Inc., 304 Hudson St., New York 13, N. Y. 


° SCIENTIFIC INSTRUMENTS 


SCIENCE, 


Vol. 114 


For ECONOMY withou loss of qualit7 
your best buy is the “> 7 Tz 
Xb II 
Li = 
se 
6 


of 
MICROPHOTOMETER | 
FOR THE MEASUREMENT OF: 
Droplet size of aerosols . . . Purity of proteins and other colloids 
Rate of change of molecule size in solution . . . Particle 


size and concentration in dispersed systems . . . Concentration 
and size of undissolved particles . . . Opacity of almost-opaque 
materials . .. Molecular aggre ation in reactions 
Microfluorescence in dilute solutions . . . Depolarization, 
turbidity, and dissymmetry of high- molecular-weight solutions . 
Light reflectance of dark surfaces . . .. Minute precipitation, 


flocculation, and crystallization . . Molecular weight of high 
polymers in solution . . Scintillation efficiency of nuclear- 
radiation-sensitive crystals ‘and phosphors . . . Microchemical 
turbidity analyses. 
FEATURES 
Excellent sensitivity. Compact . . . accessible. Built-in stable d-c. amplifier. 
Completely a-c. operated. Fully accessible interior. Maladjustment of the controls cannot 
Has outlet for recorder operation. Comparisons of light intensities damage the unit. 
Internal electronic stabilization. indicated as decimal percentages. Removable slit and optical systems. 


WRITE FOR BULLETIN 2182-K 


AMERICAN INSTRUMENT COMPANY, INC. 


For Large Capacity Laboratory Work 


CASTLE RECTANGULAR AUTOCLAVES 


Large laboratories find the answer to 
* their heavy sterilizing requirements in a 
Castle Rectangular Autoclave. 


These Autoclaves are equipped with dual 
discharge for three functions: (1) sterili- 
zation at temperature of pure steam; (2) 
sterilization at temperature of flowing 
steam; (3) sterilization at temperature of 
steam and air combined. 


Every feature of these heavy-duty Auto- 
claves is designed to simplify its opera- 
tion and guarantee its safety. For full 
details write for “Bulletin 2-5.” Wilmot 
Castle Company, 1212 University Ave- 
nue, Rochester 7, N. Y. 


C2 AL Bacteriological 
Apparatus 


October 19, 1951 


| | 
aM|NCo 
M [ nf SILVER SPRING, MARYLAND — IN METROPOLITAN WASHINGTON, D. C. 
ar | j 
| | 
= 
7 


Ay 


\ 


CIVIL DEFENSE 


i order to meet the specialized needs of Civil Defense organization, NUCLEAR 
has developed specialized instruments for civilian protection. From a pocket 
monitor to complete central-station continuous radioactivity recording systems, 
NUCLEAR instrumentation offers reliable, efficient units for Civil Defense use. 


Briefly described below are three of the most recently perfected NUCLEAR instru- 
ments for Civil Defense. Complete details on these and other NUCLEAR instruments 
will be furnished promptly upon request. 


nuclear “CIVION” (Model 2383)—Compact High-Level Monitor 


nuclear (Model 2610A) BETA-GAMMA MONITOR 


APPROVED by F.C.D.A. for low-level monitoring. 

LIGHTWEIGHT— 10" x 4%" x 5%". With batteries, weighs 9 Ibs. 
WATERTIGHT instrument case and probe. 

ONE-HAND operation. 

SHIELDED PROBE for beta and gamma discrimination. 

PLUG-IN GEIGER TUBE requires no soldering. 

RANGES: 0.2, 2, 20 milliroentgens per hour full scale. 

AUDIO and VISUAL radiation indications. 

RADIOACTIVE CALIBRATION SOURCE mounted on instrument. 


© Scaling Units for Every Type of Radiation Counting” © Gloss Wall, Mica Window, and Windowless 
© Complete “Packaged” Counting Systems ® Portable Count Rate Meters 
®@ Health Monitoring Instruments for Personnel Protecti eR i 


SMALL— only 2” x 3” x 6%". 

LIGHT — weighs 21 ounces. 

WATERTIGHT — tough plastic case can be immersed in water without damage. 
READING RANGE from .025 r/hr. to 500 r/hr. 

DETECTS gamma and strong beta radiation. 

ONE CONTROL is “ON-OFF” switch in convenient thumb-operating position. 
ILLUMINATED METER for night use. 

LONG LIFE from batteries ...in excess of 100 hours continuous. 

NO ZERO SET required except when replacing batteries. 

BATTERIES quickly replaceable without tools. 

METER damped for stability, clearly marked 2” scale under magnifying lens window. 
ALL-PLASTIC ION CHAMBER for true roentgen reading within F.C.D.A. tolerance. 


nuclear (Model 2584) GAMMA SURVEY METER 
(AN/PDR-T1 Type as recommended by F.C.D.A.) 


NUCLEAR Model 2584 is a MODERN development of the wide range, low level 
AN/PDR-Tl Meter, with these improvements: 


DIAL LIGHT switch more rugged, protected against turning on accidentally. 
CASE is all cast aluminum in two parts for more stable operation. 
WATERTIGHT, yet can be arranged for opening quickly without tools. 
PUSH-BUTTON zero check allows check without changing range setting. 
CIRCUIT redesigned for greater simplicity, equal or better dependability, 
easier access. 

RANGES: 0-5; 0-50; 0-500; 0-5,000; 0-50,000 mr./hr. 

POWER SUPPLY self-contained batteries, quickly accessible for replacement. 


nuc | @ Ql instRuMENT & CHEMICAL CORPORATION 
237 West Erie Street @ Chicago 10, Illinois + Cable Address: Arlab, New York 


Export Department: 13 E. 40th St., New York, N. Y. 


nuclear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 
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PIPETTE with Selector Collar 


Convenient slotted selector sets approximate volume—vernier ad- 
justment provides fine control. Reproduces 20 to 30 samples auto- 
matically per minute in quantities to 5.0 ml. by pressing plunger. Also 
used for individual volume; thumb control holds liquid at any point. 
“PYREX” BRAND Glass Pipettes, plain or engraved, with hand- 
tooled neck and stone beveled tip can be changed in 7 seconds. Easy 
to use; machined to precision standards for lifetime service. Chrome 


finish. 


2 mi. Unit 
Slotted volume selector with delivery settings 0.2 ml.—0.5 ml.—1.0 ml.—2.0 ml. 
Net Net Price 


Stock Quantity 


Number in atten Eac rton 
8331 2 ml. complete with tube—chrome finish ——— $5.00 $27.00 
$331-1 3 2 mi. “PYREX” Pipette—plain fine orifice .25 16.20 
8331-2 72 2 ml. “PYREX” Pipette—plain medium orifice .25 16.20 
8331-3 24 “PYREX” Pipette—graduated 0.1 ml. .85 18.36 
8331-4 72 2 mi. rubber bulb 20 12.96 


ELIMINATE PIPETTING MOUTH 


. ever 10,000 in ude 


5 ml. Unit 

Slotted volume selector with delivery settings 2.5 ml.—3.5 mlL—4.0 ml.—5.0 mi 
8331-5 6 5 ml. complete with tu rome finish 5.50 $29.7 16 
8331-6 72 5 ml. “PYREX” Pipette—plain fine orifice 30 19.44 
8331-7 72 5 ml. “PYREX” Pipette—plain medium orifice .. .30 19.44 
8331-8 24 5 ml. “PYREX” 0.1 mi... 1.00 21.60 
8331-9 36 5 ml. rubber bulb .30 9.72 

Delivers an accurately 


plus 
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measured volume from sur- 
in tube—thus elimi- 
nating drainage error. Slid- 
ing tab on lever, when raised, 
permits excess liquid to be 
drawn in pipette. Tab is then 
dropped and volume setting 
made by regulating vernier 
set screw against tab. Simple 
to operate—reproducible ac- 
curacy within 0.5%. Maxi- 
mum capacity 0.7 ml. Stain- 
less steel construction. 


but graduated .05 ml.—1 ml.— 
95 


New York 12, N. Y. 


| 
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Stock uantit: Net Price Net Price 
Number i 2 in Carton Type Each Carton 
8332-1 6 Micropipette complete with wy and engraved 
pi ttes—8332-1—8332-3—833. $5.00 $27.00 
8332-2 72 PYR EX” Pipette—plain 16.20 
8332-4 72 Rubber bulb -08 5.19 
8332-5 72 “PYREX” Pipette—plain Rheberg tip 30 19.44 
8332-6 24 “PYREX”’Pipette with Luer tip—plain—44” long — .45 9.72 
8332-7 12 Hypodermic Needles «25 2.70 
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STANDARD SCIENTIFIC SUPPLY CORP. 
fj 34 West 4th Street 
</888° 
9 


MICROSCOPY with 


BAUSCH & 


oscores 


A quick setting of the coarse adjustment 

.. then controls are operated with 
the hands at rest on the table. Fine ad- 
justment is controlled by a knob only 
three inches above the table top; critical 
focus is more quickly, more easily 
achieved, with the operator completely 
relaxed. The hand moves easily from fine 
adjustment to mechanical stage knobs. 


Comfort and convenience have influenced 
Labroscope design throughout—provid- 
ing the fatigue-free operation necessary 
for more thorough examinations over 
prolonged periods—assuring full benefit 
of the finest laboratory microscope ever made. 


WRITE for a free demonstration and com- 
plete catalog literature. Bausch & Lomb 
Optical Company, 642-14 St. Paul Street, 
Rochester 2, N. Y. 


WORLD’S FINEST, LABORATORY MICROSCOPES 
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The Stability of the World Strontium Cycle’ 


Howard T. Odum 
Department of Biology, University of Florida, Gainesville 


HE CHEMICAL ELEMENTS that make up 

the biosphere circulate in systems driven by 

radiant energy and in patterns described as 

biogeochemical cycles. The study of the struc- 
ture and progress of such cycles has been a fruitful 
approach to earth science. 

A fundamental property of these cycles is the degree 
of stability. A stable cycle is one that maintains an 
unchanging rate of circulation and constant standing 
concentrations in the various parts of the system. Al- 
though the stability principle of Fechner (1) suggests 
that a system should trend toward a stable state, it 
has not yet been possible to determine whether any 
of the cycles are actually stabilized. Major obstacles 
are the lack of quantitative data on present cycles 
and the absence of direct evidence about the cycles in 
the past. , 

Historically, the sedimentary cycle as a whole was 
visualized as in a complete circulation at an early date 
by Hutton (2). Later, Blackwelder (3) described the 
phosphorous system as a closed cycle. More often, 
however, authors making geochemical studies have 
proposed that evolution and progressive changes are 
oceurring in the cyclic patterns. Thus, for example, 
changes in the concentrations of the oceanic elements 
have often been postulated, as in the studies of Clarke 
(4), Conway (5), Kuenen (6), Hutchinson (7), Ran- 
kama and Sahama (8), and Rubey (9). Specifically, 
changes in the oceanic strontium concentration have 
been postulated by Delecourt (10) and Conway (5). 
Even the biogeochemical cycles of those elements that 
circulate through the atmosphere, such as oxygen, 
earbon, and nitrogen (atmophilic elements), have 
often been postulated to be unstable and in transition 
while circulating. 

Stable systems are characterized by self-regulating 
mechanisms, and Lotka (11) has shown that a cycle 
can possess such a mechanism. His theory states that 
if a cycle consists of a constant quantity of some 
variable moving from stages A to B to C, and so forth, 
and finally back to A, and if the rate of movement 
from one stage to the next depends on the quantity 
or concentration at each step, the whole cycle retains 
a steady pattern, with the amount at each step in- 
versely proportional to the rate of passage through 
that step. Such a steady state is similar to the radio- 
active equilibrium, except that in this case the cycle 
is closed with respect to matter. Kostitzin (12) dis- 
cussed this theory in terms of the atmophilic elements, 

1 Based on a dissertation, “The Biogeochemistry of Stron- 
tium,” presented to the faculty of Yale University in partial 
fulfillment of the requirements for the Ph.D. degree. The 
direction of G. E. Hutchinson is gratefully acknowledged. 


Thanks are expressed to V. T. Bowen for comments on this 
communication. 
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and Hutchinson (13) has quantitatively considered the 
carbon cycle from the point of view of self-regulating 
mechanisms. Evidence is now needed to indicate di- 
rectly the degree of stability of biogeochemical cycles 
in the past. 

The purpose of this communication is to describe 
quantitatively the world strontium cycle and to pre- 
sent some direct evidence bearing on the stability of 
this cycle during the geological past. By way of com- 
parison, some rough calculations are made of the flux 
of some other nonatmophilie biogeochemical cycles. 


Tue Strontium Crcie 


Strontium, like the somewhat similar and more 
abundant calcium, has been found in all the phases 
of the biosphere in which analyses have been made. 
Although resembling caleium chemically, the ioniza- 
tion constants, solubility products, and other proper- 
ties differ usually by a factor of from 2 to 100, so that 
most natural processes act on the two elements differ- 
entially. Strontium moves in a cycle qualitatively re- 
sembling that of calcium but quantitatively different, 
and is about 1/500 as concentrated in most phases. 
The ratio of Sr/Ca by atoms is used in presenting 
information on strontium, because the ratio makes 
possible the comparison of the strontium content and 
the more familiar calcium content, and because the 
ratio changes during a process only when there is a 
differential action on the two elements. 

By being excluded from ultrabasie and basic rocks, 
strontium works upward in the lithosphere during 
fractional crystallization because of its large ionic 
radius. It is found abundantly along with potassium 
in voleanie rocks, alkali rocks, and pegmatites, as 
shown by Noll (14). From these and other igneous 
rocks and from sediments strontium, along with cal- 
cium, is removed in weathering and passes down the 
rivers partly in solution and partly in the crystalline 
particles of silt. The erystalline fraction is immedi- 
ately deposited in marine argillaceous sediments, and 
the soluble fraction tends to increase the strontium 
concentration in the sea. However, the incorporation 
of strontium into the carbonate and phosphatic skele- 
tons of organisms removes strontium from the sea, 
together with calcium, in about the same Sr/Ca ratio 
as in the materials coming down the rivers. The 
strontium-bearing calcareous and argillaceous deposits 
are elevated in the course of orogenesis and are sub- 
sequently eroded, so that the strontium and calcium 
return again to the sea. Some sedimentary strontium 
is probably incorporated into magmas, from which it 
is returned to the continental surfaces as voleanic or 
plutonic igneous rock, and thus the cycle is at least 
partly closed. The circulation of strontium through 
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WORLD STRONTIUM CYCLE 
17 
RATES IN 10 OMS / vears 


APPROXIMATE 
BALANCE 


IGNEOUS PHASE 737 


Fic. 1. Flux of strontium estimated according to the as- 


sumptions in Tables 1 and 2. 


the atmosphere in dust is quantitatively unimportant. 
The strontium cycle is shown in condensed form in 
Fig. 1. 

One suspects that the eycle may be closed and 
stable, because 95 per cent of all matter draining to 
the sea is estimated by Conway to be of sedimentary 
origin and is again being deposited as sediments. If 
the 5 per cent of igneous matter draining to the sea 
is equalled by the sedimentary matter incorporated 
into igneous rock each year, the cycle will be stabilized 
and closed, not only for strontium and calcium, but 
possibly for other elements also. 


EVIDENCES oF STABILITY 


One may test this hypothesis of a stable strontium 
eycle in four ways: (1) by determining whether the 
Sr/Ca ratios of the inflow balance the Sr/Ca ratios 
of the outflow in phases of the cycle; (2) by caleu- 
lating the rates of flow between the phases, to see if 
there is a balance; (3) by finding whether there is a 
self-regulating mechanism; (4) by devising a paleo- 
chemical method to estimate directly the past nature 
of the cycle. 

Analyses of samples representing the major phases 
of the sedimentary cycle have been used to make 
rough estimates of the Sr/Ca ratio (Table 2). In the 
table the Sr/Ca ratios of the materials entering the 
ocean are close enough to the ratios of those materials 
deposited from the ocean to indicate that a steady 
state in the relative relationships of the strontium and 
calcium cycles in the ocean is reasonable. Thus, the 
first line of approach does not contradict the hypothe- 
sis of stability for the strontium cycle. 

Since estimates have been made of the Sr/Ca ratio 
in the main phases of the strontium cycle, the rates 
of flow of strontium can be obtained by multiplying 
the concentrations by the rates of flow of rivers, rates 
of sedimentary deposition and uplift of rocks, and 
rates of erosion. Because the sedimentary cycle is not 
known to be closed and balanced, only the rates of 
flow of matter down the rivers and of sedimentary 
deposition can be estimated. Generally, most geochem- 
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ical calculations have dealt with these phases and have 
ignored the rate of return (4, 6, 15, 16). In the ab- 
sence of direct estimates. of the rate of return of mat- 
ter from the sediments to the continents, for purposes 
of calculation the sedimentary cycle is assumed to be 
balanced and stable. In Table 1 are presented the 
crude approximations of estimations of the rates of 
flow of matter through the various phases of the sedi- 
mentary cycle. In Table 2 the concentrations of the 
various elements in the different phases are multiplied 
by the total flow through each phase to obtain the 
rates of flow of the separate elements, including 
strontium. The balance in the separate elemental 
eycles that is achieved suggests that the hypothesis 
of a closed stable cycle for sedimentary elements, in- 
cluding strontium, is quantitatively reasonable, but the 
estimates and results are much too rough and uncer- 
tain to constitute certain proof. 


TABLE 1 


SOURCES OF THE ESTIMATES OF FLUX OF MASS IN THE 
SEDIMENTARY CYCLE ON THE ASSUMPTION THAT 
THE CYCLE Is IN A STEADY STATE 
(Gg/10° years) 


Entering ocean 
Water 


370,000—Wust (17) 
Dissolved salts 


54—146 ppm, Conway (5) 
Silt 130—438 ppm, Conway (5) 
Voleanic (directly from 

magma to the sea) 10—Extension of estimates on 
—— the basis of ocean area; 
Total solids 194 compromise between 
Verhoogen (18)—5 
Gg/10° yrs., and Sapper 
(19)—41 Gg/10° yrs. 


Leaving ocean 


Deep sea sediments .....cccccccmn Averages from Kuenen 
Blue mud 46 (26) eorrected for 
Globigerina ooze 15 water 
Red clay 5 
Total 66 


Shallow sediments ............ amine By difference between in- 


Shales 88 flow and deep-sea sedi- 
Sandstones 20 mentation ; divided into 
Limestones 20 a5: 1: 1 ratio of shales, 
Total 128 sandstones, and lime- 


stones as reported by 
Kuenen (6) for a Ter- 
tiary deposit 
Weathering of igneous 
rock 20...1/20 of total weathering 
after Conway (4) 
Igneous rock emerging 
at surface 20.....Assumed to balance the 
: weathering for calcula- 
tion purposes 
Materials absorbed into 


igneous 20... Assumed to balance the 
materials “brought to 
the surface 
Sediments uplifted in 
earth movements 174... Amount required to bal- 
ance the sedimentary 
eycle 
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4 
1000. 
1004 A» 
3 
3 10, 
n 
DISTRIBUTION 
FACTOR 2.85 
4 
, 
4 
4 
T T T T T 
A 10 100 1000 


A IN WATER 


Fie, 2, Sr/Ca in shells of Physa as a function of the Sr/Ca 
in aquaria, 


In Figs. 2 and 3 data are presented indicating that 
in nature, as in the laboratory, the Sr/Ca ratio in the 
- shells of mollusks is proportional to the Sr/Ca ratio 
in the environmental medium. This relationship is the 
basis of a self-regulating mechanism controlling the 
strontium concentration in the ocean. If the inflow of 
strontium into the ocean increases relative to calcium, 
the Sr/Ca ratio of the water will increase; this in 
turn will increase the Sr/Ca ratio in the shells and 
thus tend to lower the ocean Sr/Ca and maintain a 
steady-state equilibrium concentration of the elements. 
This situation, in which the rate of flow of strontium 
is dependent upon the concentrations of strontium, 
fits the conditions described by Lotka (11) for a closed 
self-regulating cycle. It seems reasonable that the 


ATOMS PER 1000 ATOMS 


IN 60 SHELLS 
A 

l 


S10. 
3 CULTURE 
EXPERIMENTS 
5 10 
x IN 40 AQUATIC HABITATS 


Fie. 3. Sr/Ca in aragonite mollusks as a function of Sr/Ca 
of the habitat. 
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TABLE 3 


STRONTIUM IN FOSSILS OVER GEOLOGIC TIME 


(Most specimens were generously provided by the 
Yale Peabody Museum) 


Sr/Ca in atoms/1,000 atoms 


Per- 
cent- 
Age and material. Cases Sr/Ca similar _ 
modern the 
material 
Cambrian 
Obolus matinalis 
conglomerate 1 2.60 3.602 72 
Dicellomus pellitusm 1 2.32 3.60 
D. appalachiam 1 3.70 3.602 103 
Ordovician 
Carbonate brachiopods" 2 1.40 1.75> 80 
Mississippian 
Mollasks 2 3.80 2.6le¢ 145 
Pennsylvanian 
Aragonite nautiloids in 1 3.57 3.874 92 
asphalt 1 2.46 3.874 
Brachiopods ; highest 
values 4 1.64 1.87> 88 
all others 5 1.02 1.75 58 
Mollusks 2 3.43 2.6le¢ 131 
Permian 
Eryops tooth 1 2.69 2.40e 112 
Jurassic 
Ichthyosaur tooth 1 3.41 3.29f 103 
Cretaceous 
Terebratula 1 2.03 1.80 113 
Bacculites (aragonite) 1 2.96 3.874 76 
Scaphites 1 3.94 3.874 102 
Hyposaurus bone 1 2.05 3.29 62 
Belemnites 2 2.09 — 
Cretaceous Coon Creek formation, Tenn. 
Ostrea 1 1.80 1.338 135 
Turritella 1 5.18 165 
Other mollusks 9 4.44 2.61¢ 170 
Miocene 
Venus 2 3.08 2.39! 129 
Corals 2 10.50 10.60) 101 
Ostrea 1 1.43 1.33¢ 108 
Pecten 2 2.50 1.75« 143 
Dentalium 1 2.37 2.34! 100 
Other mollusks 9 2.89 2.6le¢ 110 
Pleistocene 
Pecten 1 1.90 1.75« 109 
Other mollusks 5 2.54 2.6l1e¢ 103 
Mean 105 


Values used in comparisons above : 

a Crania. 

b Two species of Terebratula: Sr/Ca: 1.75, 1.87. 

¢ Mean of modern ; possibly unrepresentative. Sr/Ca varies 
more in mollusks than in most other groups. 

4 Nautilus. 

e Marine fish bones. 

f Loggerhead turtle bone. 

Ostrea. 

h Turritella. 

i Venus. 

i Average of corals furnished by J. Wells, Cornell Univer- 
sity. 

k Average of three species of Pecten: Sr/Ca: 1.32, 1.87, 
2.08 


1 Dentalium. 

m Furnished by the Cambrian Research Laboratory, States- 
ville, N. C. 

n Furnished by W. F. Prouty, University of Pittsburgh. 
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rates of flow in the other phases of the strontium 
eycele, such as sedimentary uplift and erosion, may be 
dependent on concentration, also. It seems safe to pro- 
pose that a self-regulating system is in operation. 

The next procedure is to find whether the strontium 
eyele has actually held its pattern over long periods 
of time. It has been possible to get some fairly direct 
evidence by the analysis of the Sr/Ca ratio in un- 
altered fossils. Sinee Sr/Ca in the calcareous skeleton 
reflects Sr/Ca in the water (Fig. 2), the analysis of 
the Sr/Ca ratio in unaltered fossils is a valid method 
of measuring the Sr/Ca_ ratio of past waters. Dieula- 
fait (23), in 1877, by semiquantitative analyses of 
strontium in fossil brachiopod shells, inferred that the 
ancient ocean must have had as high a strontium con- 
centration as the modern ocean. Table 3 gives the 
results of some quantitative analyses of selected ma- 
terials that confirm Dieulafait. The spectrophoto- 
metric method that was used on oxalate precipitates 
of strontium and ecaleium has been shown to possess 
17 per cent, or better, accuracy at the 5 per cent prob- 
ability level. 

The values in Table 3 constitute strong evidence 
that the oceanic Sr/Ca ratio has been’ of about the 
same order of magnitude at least since the early Paleo- 
zoic, because the Sr/Ca ratios of the fossil materials 
resemble those of the modern taxonomic counterparts. 
Since the ocean is a dominant part of the strontium 
and calcium cycles, the implication is that the two 
eycles have had the same relative position through 
600 million years. 

Thus, the application of all four approaches listed 
above suggests that the strontium cycle is stable. As 
a stable steady-state pattern in nature involving both 
living and nonliving components, the strontium cycle 
seems to qualify as one of the large entities which in 
ecological literature are known as ecosystems as de- 
fined by Tansley (24). It is suggested that the “stron- 
tium ecosystem” is a proper application of the term. 


CYCLES 


The evidence on the strontium cycle and the caleula- 
tions in Table 2 on other cycles suggest the possi- 
bility that other elemental systems may be closed and 
stable. Possibly the whole sedimentary cycle is in a 
steady-state equilibrium. 

The apparent discrepancy in Table 2 between the 
sodium flux down the rivers and the sodium flux into 
the sediments, when estimated on the assumptions of 
Tables 1 and 2, is not an indication of imbalance but 
is another support for the criticisms that have been 
already leveled at the analytical estimates of sodium 
in sedimentary rocks from other evidences by Kuenen 
and others (5, 25). The discrepancy is much greater 
than could be accounted for by the maximum estimate 
on the old assumption of sodium accumulating in the 
ocean at the present time. Actually, there is no real 


proof that the sodium cycle is not now nearly bal- 
anced, since most of the material entering the sea is 
from raised sediments and therefore, on any theory, 
should almost balance the sodium leaving the sea in 
sediments. If the ecyele is completely closed, with 
igneous sodium being derived from incorporated sedi- 
mentary sodium, the calculations on age of the ocean 
from estimates of sodium lost to the ocean during 
the weathering of erystalline rock are, of course, 
invalidated. 

In a system with a definite number of elements, the 
degrees of freedom are limited, so that the quantita- 
tive solution of one cycle helps in understanding the 
others. Thus, the calculations of the rates of cireula- 
tion of the elements in the sedimentary cycle ean be 
used to find inconsistencies in data now available, as 
in the ease of sodium. If the cycle is anywhere near 
being closed and balanced, the caleulations provide 
ways of estimating hidden parts of the sedimentary 
eycle, such as rate of uplift and magmatic ineorpora- 
tion of sediments. With increasing accuracy of esti- 
mates from new data, calculations more refined than 
those in Table 2 should provide other checks in the 
future. Even if the sedimentary cycle is undergoing 
progressive changes in its patterns, it is at the same 
time turning rapidly enough so that the flow rates 
should balance in part. 
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Technical Papers 


Anomalous Thermal Behavior of 
Salivary Apoerythein Activity 


Ernest Beerstecher, Jr., and Eleanor J. Edmonds 


Department of Bischemistry, The School of Dentistry, 
The University of Texas, Houston 


Eakin and co-workers have adapted a modified vita- 
min B,, assay to the measurement of apoerythein 
(pernicious anemia “intrinsic factor”) activity (1) 
and demonstrated the presence of apoerythein in 
saliva (2). The assay depends upon the ability of 
apoerythein to bind vitamin B,,, making i+ unavail- 
able for the growth of Escherichia coli, which depends 
upon the vitamin for growth in a specially defined 
medium. Apoerythein activity is thus indicated in the 
assay by inhibition of bacterial growth and is quanti- 
tated by comparison of the inhibition with that pro- 
duced by a standardized solution of gastric mucosa. 
One unit of apoerythein is able to bind 1 ug of vita- 
min B,,, and the results are reproducible to within 
5%. In studies on the thermal stability of salivary 
apoerythein we have now discovered that all activity 
disappears from saliva heated to 70° C for periods 
of 1 min or longer, but that samples heated for 5 min 
at either lower temperatures, or higher temperatures 
up to 100°, show no such loss in activity. Typical re- 
sults are shown in Table 1. The data represent the 


TABLE 1 


EFrrect OF HEATING UPON THE ACTIVITY OF 1 
MILLIUNIT SALIVARY APOERYTHEIN 


Treatment Apparent activity of 
temperature 1 milliunit 
°C apoerythein 
30 1.00 
60 85 
65 45 
70 0 
7 .20 
80 80 
100 1.00 
90-70 95 
70-90 0 


effects upon potency obtained by heating 1 milliunit 
of salivary apoerythein. All samples were héated for 
5 min at the indicated temperatures except the last 
two, which were heated for 5 min at each of the indi- 
cated temperatures and in the order shown. 

If samples are first heated to temperatures higher 
than 70° C and subsequently heated to 70°, there is 
no loss of activity. Samples heated at 70° C for longer 
than 1 min lose their activity and cannot be reacti- 
vated by subsequent heating to a higher temperature. 
It appears that the high rate of inactivation at 70° 
does not influence appreciably samples elevated 
through the critical temperature range at a sufficiently 
rapid rate. In our experiments less than 10 sec 
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elapsed while the samples were being raised through 
the 65°—75° range. The peak inactivation temperature 
occurs at slightly over 70°, there being some inactiva- 
tion at 75° and less at 65°, but no measurable amount 
at either 60° or 80°. It cannot be construed from these 
data that the over-70° salivary apoerythein activity 
has been unaffected by the thermal treatment, since 
it differs from normal salivary apoerythein activity in 
that it is immune to destruction at 70° for even pro- 
longed periods. 
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Formation of a-Keto Acids from a-Amino 
Acids by the Action of Free Radicals 
in Aqueous Solution 


G. R. A. Johnson, George Scholes, 
and Joseph Weiss 


University of Durham, King’s College, 
Newcastle upon Tyne, England 


The mechanisms of metabolic processes are, in many 
instances, still a matter of some conjecture, and there 
has been some discussion (1, 2) in this respect, as to 
the possibility of the participation of free radicals. 
Thus the actual simulation of certain enzymatic proc- 
esses by reactions involving free radicals in vitro may 
be important in any study of this nature. 

It is now well established that the breakdown of 
a-amino acids by animal tissues consists of an oxida- 
tive deamination with the intermediate production of 
the a-keto acids (3). We have investigated, therefore, 
the action of OH and HO, radicals on a number of 
a-amino acids. These radicals have been produced in 
solution as follows: 


(a) By the decomposition of hydrogen peroxide in the 
presence of a ferrous salt (Fenton’s reagent), a reaction 
which proceeds as follows (4): 


H,0, + Fe* — OH + OH- + Fe*. (1) 


(b) By irradiation with x-rays of dilute aqueous solu- 
tions, where radicals are formed according to the net 
process (5): 


H,O ——-“"——> H + OH, (2) 
which in the presence of oxygen is followed by: 
H+0,— HO,. (3) 


Previous studies on the oxidation of amino acids by 
Fenton’s reagent (6-8) showed that these substances 
are deaminated and converted to the aldehydes and 
the corresponding carboxylic acids. However, with the 
exception of glycine, which affords glyoxylic acid (6), 
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the formation of the corresponding a-keto acids was 
not reported. Re-examination of the effects of this 
reagent on various amino acids (e.g., alanine, serine, 
and leucine) has now shown that a-keto acid forma- 
tion does take place to some extent. A typical oxida- 
tion experiment was conducted as follows: 

To a stirred solution of alanine (approx 0.01 moles) 
were added, dropwise and simultaneously, equimolecu- 
lar amounts of ferrous sulfate and hydrogen peroxide. 
The reaction mixture, after acidification and addition 
of 2:4-dinitrophenylhydrazine solution, was allowed 
to stand a short while, and the hydrazones were then 
extracted with chloroform. This extract was washed 
and shaken with 10% sodium carbonate. The hydra- 
zone of pyruvie acid was precipitated from the car- 
bonate extract on addition of acid—mp, 217°-218° C 
(after recrystallization from ethanol); no depression 
of the mp on mixing with an authentic specimen; 
yield: — 10 mg of pyruvic acid. Better yields may 
possibly be obtained by changing the experimental 
conditions. 

There are only two other recorded cases of the 
chemical conversion of alanine to pyruvic acid. Simon 
and Piaux (9) used copper in the presence of oxygen, 
and Bass (10) employed ferrous bicarbonate, also in 
the presence of oxygen. It is very likely that these 
oxidations also involve free radicals. 

Investigations of the effects of x-rays on aqueous 
solutions of a-amino acids have shown (11, 12) that, 
in vacuo, deamination and decarboxylation occur, with 
subsequent formation of the corresponding aldehyde 
(11). Some hydroxylamine is also produced under cer- 
tain conditions (13). We have found that irradiation 
in the presence of oxygen results in the formation of 
both the a-keto acid and the aldehyde. From irradiated 
alanine solutions, for instance, pyruvie acid was iso- 
lated as the 2:4-dinitrophenylhydrazone. This was 
identified by its mp and mixed mp and was further 
characterized hy paper chromatography in a butanol- 
water-NH,, solvent (174). 

Table 1 shows some quantitative data obtained at 
three selected pH values. The keto acid was deter- 
mined as the 2:4-dinitrophenylhydrazone by the 
method of Friedemann and Haugen (15), and the 
ammonia by the distillation method of Parnas (16). 


TABLE 1 
IRRADIATION OF ALANINE IN AQuEOUS SOLUTION (0.2%) 


witH X-RAYS (200 kv) IN THE PRESENCE OF 
OXYGEN (Dose =3- 6x 10* r-units) 


Yield in (yu moles/ml) x 10 


pH 
Pyruvie acid Ammonia 
2 4.70 7.53 
7 4.67 5.73 
9 4.50 11.0 


It will be noticed that the yield of ammonia depends 
markedly upon pH, giving a minimum value in the 
region of the isoelectric point; this is in agreement 
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with previous findings (11). Pyruvie acid formation, 
however, does not depend so strongly on pH. 

Irradiation of alanine solutions in vacuo yields pre- 
dominantly acetaldehyde (11). This suggests that the 
oxygen present in the irradiated solution plays a very 
important part in the mechanism of pyruvate pro- 
duction. It is thus highly probable that pyruvie acid 
and acetaldehyde are formed through two different 
intermediates. The mechanism of this reaction is now 
being studied in detail. 
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The Adsorption of Manganese by 
Algal Polysaccharides* 


Arthur L. Pollard and Peter Byrd Smith 


Departments of Chemical Engineering and Bacteriology, 
University of Tennessee, Knoxville 


During the course of an investigation into the 
source of manganese deposits on the walls of a hy- 
draulic tunnel, it was found that the initial layer eon- 
sisted of partly decomposed mucilaginous polysac- 
charides. This was determined by installing micro- 
scope slides in a by-pass cell and analyzing the deposit 
by means of the Dreywood anthrone reagent (1,2). 
After the slides had been exposed for 2 months man- 
ganese was readily detected by hydrolyzing the de- 
posit with sulfuric acid and determination by the 
periodate method (3). Small quantities of manganese 
were detected in the water by the same method. 

It was assumed that the polysaccharides came from 
decomposing algae, since fragments of algae and 
diatoms were found on the slides along with masses 
of gelatinous material showing vestiges of structure. 
This led to a search for an alga in a form suitable to 
quantitative investigation of the manganese-adsorbing 
mechanism. Thanks to A. J. Sharp, of the University 
of Tennessee Botany Department, a source of Nostoc 
commune was found which served the purpose ad- 
mirably. This organism grows in colonies on bare 


1 This investigation was supported, in part, through a grant 
from the Aluminum Company of America. 
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limestone ledges or on gravelly soil and can be col- 
lected in a nearly pure state. 

Colonies of N. commune were carefully washed in 
distilled water by handling with forceps and were 
then drained free from apparent wetness on filter 
paper. In this form the weight when dried at 65° C 
averaged 10% of the drained sample. This figure was 
used to reduce all determinations to dry weight basis. 
Portions of 5-g drained weight were allowed to stand 
in 50 ml of manganese acetate solutions of various 
concentrations for 3 hr. The solutions were then de- 
eanted, and the alga washed 3 times with 50 ml of 
distilled water. The solutions were at pII 6.7, and 
these, along with glassware and wash water, were 
equilibrated to room temperature at 22° C. Manga- 
nese adsorbed was determined by analysis of the re- 
sidual amount in the combined solution ‘and wash 
water with confirming analyses of the hydrolyzed alga. 
The result is shown in Fig. 1. It is apparent that ad- 
sorption conforms to the Langmuir isotherm. 


20 


i i 


iL i 
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Fic, 1. Manganese adsorbed from manganese acetate solu- 
tions by N. commune. Ratio of dry wt of alga to volume of 
solution : 1 g/100 ml. 


An analysis of the ashed tunnel deposit made by 
the Alcoa Reduction Plant Laboratory of the Alumi- 
num Company of America showed Mn(as Mn,0,) 
50.5%, Fe(as Fe,0,) 18.5%, and Ca(as CaO) 1.0%. 
Since the water passing through the tunnel contained 
far more calcium and iron than manganese, it seemed 
desirable to investigate the effect of previous adsorp- 
tion of these elements on the adsorption of manganese 
by the alga. Nostoc, after washing, contained 9.8 mg/g 
(dry wt) ecaleium and 3.5 mg/g iron. Additional cal- 
cium was adsorbed from carbonate solutions, but this 
was loosely held, and the amount retained varied 
widely with the extent of washing. Iron at 3.5 mg/g 
was apparently near saturation. A few determinations 
showed a little was removed from ferric ammonium 
sulfate and ferric citrate solutions, but the amount 
could not be accurately determined. Excess iron made 
the alga so gelatinous that it was impossible to wash 
it thoroughly. 

Experiments on other polysaccharides were run on 
columns. Berl saddles were coated with melted agar. 
These were put in a 20- x 300-mm column, and man- 
ganese solutions containing 50 ppm were dripped 
through at 6 drops/min. Manganese was adsorbed be- 
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yond the limit of detection. The same result was ob- 
tained with starch and with mixed algae from the lake 
feeding the tunnel. : 

After adsorption manganese is slowly oxidized, 
possibly by bacteria, although the slides failed to show 
any of the often described stalked forms. Only small 
rod and coceus forms were present in significant num- 
bers. 

Although manganese adsorption by polysaccharides 
has nuisance aspects, it possibly explains the concen- 
tration of manganese in residual clay deposits. There 
are likewise interesting implications concerning the 
activity of manganese in living organisms. 
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The Recovery of Preformed Thrombin 
from Circulating Plasma 


L. A. Sternberger and Frank Maltaner 


Division of Laboratories and Research, 
New York State Department of Health, Albany 


The absence of thrombin from the general cireula- 
tion in cases of thrombosis is probably the result of 
its inactivation by antithrombic substances. The throm- 
bin may, however, be recovered if the thrombin-anti- 
thrombin complex is first dissociated with sodium hy- 
droxide (1, 2) and neutralized in the presence of 25% 
ethanol, which prevents reassociation (3). By these 
means the theory of thrombin inactivation may be 
explored and the presence of thrombosis may possibly 
be determined. 

The method for the recovery of thrombin is as fol- 
lows: Rabbit blood is taken from the median artery 
of the ear in syringes containing 1 vol 0.1 M sodium 
oxalate to 9 vol blood, and the plasma obtained by 
centrifugation. Two and five-tenths ml plasma mixed 
with 2.5 ml 0.85% sodium chloride solution is brought 
to pH 11.5 (1° C) with sodium hydroxide dissolved 
in 25% ethyl alcohol. The reagents are held at 1° C 
(pH 11.5) for 2 min. Five ml of 50% ethyl alcohol 
(-2° C) is then added, and the mixture is rapidly 
brought to pH 7.2 (1° C) with hydrochloric acid dis- 
solved in 25% ethyl alcohol. The recovered suspension 
of thrombin is brought—after measuring its volume— 
to 18° C with occasional shaking. Its activity is deter- 
mined at 18° C by adding 0.2 ml of the suspension 
to 0.2 ml fresh oxalated rabbit plasma or 0.2 ml 0.3% 
solution of bovine fibrinogen (Armour) in 0.02 M 
veronal buffer, pH 7.2, containing 0.16 M sodium 
chloride solution, and determining the clotting time. 
The amount of thrombin required to cause clotting 
of oxalated plasma in 18 sec is designated as one unit. 
Clotting times above 12 see are converted into units 
by the use of a standardization curve. Suspensions 
giving clotting times below 12 see are suitably diluted 
with 25% ethyl alcohol contained in 0.85% sodium 
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TABLE 1 


DEMONSTRATION OF THE RECOVERY OF THROMBIN 
ADDED TO AND INACTIVATED BY SERUM 


(a) Amount of thrombin added to serum and 


inactivated by it . - 72 units 
(6) Amount of thrombin recovered from throm- 
bin-serum-plusma mixture ............... 120 ‘* 
(c) Amount of thrombin recovered from saline- 
serum-plasma mixture . 


chloride solution. Determinations are made in trip- 
licate. 

Thrombosis was produced in rabbits either by a 
slight modification of Moses’ method (4), in which a 
strip of wool yarn (about 1 in. long) soaked in rabbit 
brain thromboplastin is implanted into each external 
jugular vein under ether anesthesia (Nembutal prepa- 
ration), or by insertion of silk sutures into both ex- 
ternal jugular veins under local novocain anesthesia 
(Nembutal preparation). Six strips of silk suture 
were usually implanted along 34-1 in. of vein. In a 
third group of animals the external jugular veins were 
merely exposed. The usual surgical precautions were 
observed, and the fascia and skin were sutured with 
plain catgut. 

The quantitative nature of the recovery of thrombin 
was demonstrated by adding 2.0 vol thrombin solution 
(5) to 0.5 vol serum and ineubating the mixture at 
18° C until the activity of the added thrombin had 
completely disappeared. This usually required 45 min. 
The thrombin recoverable from 2.5 ml of such a 
thrombin-serum mixture added to 2.5 ml of plasma 
was compared with the thrombin recoverable from a 
saline-serum mixture, consisting of 2.0 ml 0.85% 
sodium chloride solution and 0.5 ml of-serum and 
added to 2.5 ml of the same plasma. The results 


(Table 1) show that the difference of the thrombin 
recovered from these two samples is similar to the 
quantity of thrombin added to the first sample and 
inactivated by it. 

It was also found that plasma deprothrombinized 
by absorption with barium sulfate by the method of 
Rosenfield and Tuft (6) yielded the same amount of 
recoverable thrombin as unabsorbed plasma. This 
shows that the thrombin recovered from plasma was 
actually contained in it as inactive thrombin rather 
than being formed from prothrombin concurrent with 
the recovery procedure. 

Serum—unlike plasma—did not yield quantitative 
recoveries of thrombin. Also, plasma defibrinated by 
the use of thrombin gave low yields, as did serum 
obtained by recalcification with or without the addi- 
tion of thromboplastin. We do not know whether this 
is due to an adsorption of thrombin on the removed 
fibrin (7) or whether in the absence of fibrinogen 
part of the dissociated thrombin is denatured upon 
exposure to aleohol and alkali. 

The normal value of recoverable thrombin was 
determined by individual tests of 35 bleedings from 
21 rabbits. The average was 16 units/ml, with a 
standard deviation of 5.73. Prothrombin determina- 
tions (8) of the same plasmas yielded an average 
of 335 units/ml, with a standard deviation of 42.2. 

The effect of experimental thrombosis on the amount 
of recoverable thrombin is shown in Table 2, which 
summarizes a few typical pre- and postoperative de- 
terminations. In animals Nos. 1-5 the recoverable 
thrombin levels had been elevated before the post- 
mortem observation, which revealed fibrosed veins. In 
the animal dissected on the day the level of thrombin 
was elevated (No. 9), thrombi were found in both 
external jugular veins. Animal No. 8 was implanted 


TABLE 2 
PRE- AND POSTOPERATIVE THROMBIN RECOVERY FROM RABBIT PLASMA 


Units recoverable 
thrombin/ml 


Rabbit Type of 


No. operation Before 


operation 


Autopsy 


1 Wool yarn 16 48 14th postoperative dey after return to normal of recoverable thrombin; 
both external jugular veins fibrosed, lumen obliterated 
2 - 14 39 12th postoperative day after return to normal of recoverable thrombin; 
same finding as in 1 
3 re 21 47 Same as 2 
4 - 17 31 10th a os day after return to normal of recoverable thrombin; 
same finding as in 1 
5 si 13 34 Same as 4 
6 Simple 19 33 5th postoperative day after return to normal of recoverable thrombin; 
exposure no thrombosis or fibrosis 
7 Simple 17 23 5th comps se day while recoverable thrombin was normal; no throm- 
exposure bosis or fibrosis 
8 Silk suture 8 23 3rd gmat day while recoverable thrombin was normal; no throm- 
9 18 42 


es Se erat day while recoverable thrombin was elevated ; thrombus 


herent to vessel wall and to silk thread on both sides, and extending 
beyond region of silk-thread implantation 
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with silk sutures, but the level of recoverable thrombin 
was not elevated and no clot was found post mortem. 
In rabbits Nos. 6 and 7 the veins were merely ex- 
posed and no clot was found on autopsy. One of these 
animals (No. 6) showed an elevated level of recover- 
able thrombin on the third postoperative day, which 
may reflect the occurrence of minute thrombi asso- 
ciated with the surgical procedure. 

Unlike recoverable thrombin, prothrombin levels re- 
mained normal throughout the postoperative period in 
each animal. 
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Reduction of Carbon Dioxide in Aqueous 
Solutions by Ionizing Radiation’ 


W. M. Garrison, D. C. Morrison, J. G. Ha nilton, 
A. A. Benson, and M. Calvin? 
Crocker Laboratory, Radiation Laboratory, 


and Department of Chemistry, 
University of California, Berkeley 


The question of the conditions under which living 
matter originated on the surface of the earth is still 
a subject limited largely to speculation. The specula- 
tion has a greater chance of approaching the truth 
when it includes and is based upon the ever wider 
variety of established scientific fact. One of the pur- 
poses of the observation reported herein is to add 
another fact that might have some bearing upon this 
interesting question. 

One of the most popular current conceptions is that 
life originated in an organic milieu (1-5). The prob- 
lem to which we are addressed is the origin of that 
organic milieu in the absence of any life. It appeared 
to us that one source—if not the only one—of re- 
duced carbon compounds in complex arrangements 
might be the interaction of various high-energy radia- 
tions with aqueous solutions of inorganic materials, 
particularly carbon dioxide, and nitrogenous com- 
pounds such as ammonia and nitrogen, since it ap- 
pears that these compounds were the commoner forms 
in which the essential elements were to be found on 
the primordial earth (6, 7). 

Although it has long been known that high-energy 
radiations can cause organic decomposition and oxi- 
dation, it seemed useful to us to demonstrate that con- 


2The work described in this paper was sponsored by the 
U. 8. Atomic Energy Commission. 

*We wish to thank W. M. Latimer for helpful discnssions 
and the crew of the 60-inch cyclotron at the Crocker Labora- 
tory for the bombardments. 
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ditions could be found in which high-energy radiations 
could induce the reduction with water of carbon di- 
oxide and the ultimate creation of polyatomic mole- 
cules (other than simple polymerization of monomers) 
of carbon, oxygen, hydrogen, and nitrogen. 

The general technique employed was to bombard 
air-free aqueous solutions of C1-labeled CO, in a 
closed system with and without the addition of ferrous 
sulfate. The bombardments were made using the 40- 
mev helium ion beam of the 60-inch cyclotron at 
Crocker Laboratory. To detect the amount and nature 
of the reduction products, chemical separations were 
made on the bombarded solution after the addition of 
earrier amounts of formie acid, formaldehyde, and 
methyl aleohol. These were separated as solid deriva- 
tives and assayed for C** activity. In most of the bom- 
bardments 1 me of 5-9% C**-labeled CO, was used. 
This made it possible to detect the reduction of ap- 
proximately one part in 10°. 

A diagram of the target assembly is shown in Fig. 1. 
The aqueous solutions were bombarded in an all-glass 
target cell (A) which consisted essentially of a 50-ml 
Pyrex flask, one side of which was drawn in to give a 
window (B) having an average thickness of approxi- 
mately 5 mil over the bombarded area. The cell had a 
volume of 12 ml. It was connected to a glass manifold 
(C), which, in turn, was connected through stopeocks 
to a 100-ml product gas storage bulb (D) to a 25-ml 
CO, reservoir (Z) to a mereury manometer (F'), and 
to an outlet (G) through which the entire system 
could be evacuated. The assembly was supported on a 
bracket. (H), which was fastened to the bell-jar—type 
target (ZI). The helium ion beam was brought out of 
the cyclotron vacuum through a 1.5-mil aluminum foil 
(J) and was delimited in cross section by the aperture 
(K) in plate (L). The target window was cooled by 
means of an air stream, which entered at (M) and 
emerged through the aperture (K). The beam current 
was monitored through the electrode (N). With the 
all-glass target cell it was necessary, because of the 
nonuniform thickness of the window, to calculate the 
number of ion-pairs produced from the amount of 
Fe*? oxidation, assuming the same ion-pair yield for 
this reaction in the glass cell as was obtained in the 
cell having the platinum window. With the latter tar- 
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TABLE 1 
Bombardment (1) (2) (3) (4) (5) 

Cell window Glass lass Glass Platinum Glass 
Solute C“O,+ FeSO, C“O,+ FeSO, c“O, CO,+ FeSO, CO,+ FeSO, 
Vol of solution (ml) 12.0 12.0 12.0 
Gas vol, manifold + product gas bulb (ml) 145. 145. 145 145 145. 
Initial cone C“O, in solution (M) 6.8 x 10° 8.2 x 10° 1.0 x 10° 8.2x10° ~8x 10° 
No. CO, molecules dissolved in H,O phase 5.5 x 10" 6.7 x 10" 8.3 x 10" 62x10" —~7x10" 
Partial pressure of C“O, in gas space 

(mm Hg) 2.4 2.9 3.6 2.7 
activity (mc) 1 1 1 None 
C* in CO, (%) 9.0 6.0 4.8 
Energy of emerging helium ions (mev) 40. 40. 40. 40. 40 
Bombardment current (pa) 0.5 0.5 0.5 0.5 0.5 
Total bombardment (pa-hr) 0.75 0.042 0.042 0.13 0.13 
No. ion-pairs produced in solution 

(assuming 32.5 eu/ip) 7.8x 10" 4.4 x 10” 4.4 x 10” 3.1x 10” 1.3 x 10” 
Hydrogen pressure after bombardment 

(mm Hg) 208. 8 
No. hydrogen molecules produced 1.1 x 10” 43 x 10” 
Initial cone Fe** (M) 0.80 None 0.77 
Cone Fe* after bombardment 0.23 0.10 
No. of Fe** atoms formed 1.5 x 10” — = 6.2 x 10” a 
Ion-pair yield for Fe* formation 0.20 _ _ 0.20 _ 
Total C™ activity in the HCOOH fraction 

(ue) 0.21 1.32 8.7 x 10-°* Inactive Inactive 
No. CO, molecules reduced to HCOOH 2.2 x 10” 1.5 x 10” 1.2 x 10" 
Fraction of dissolved CO, reduced to 

HCOOH 0.04 0.22 14x 10" 
Ion-pair yield for HCOOH formation 2.9 x 10* 3.4 x 10~ 2.8 x 10* — — 
Total C™ activity in the HCHO fraction 

(ue) 5.7 x 10° 8x10" Inactive Inactive Inactive 
No. CO, molecules reduced to HCHO 6.4 x 10" 9x 10" 
lon-pair yield for IICHO formation 0.82 x 107 2.1x 10° _ _— = 


* Not determined. 


get cell, it was possible to estimate within a few per 
cent the energy loss of the helium ions in penetrating 
the 1.5-mm aluminum foil, 10 em of air path, and the 
1-mil platinum window. 

The target cell was first flushed with nitrogen, then 
filled with triple-distilled deaerated water, or deaerated 
1 M ferrous sulfate solution at a pH of approximately 
3.5. The water was deaerated by boiling and then al- 
lowed to cool in a glass-stoppered vessel filled with ni- 
trogen gas. The 1 M ferrous sulfate solutions were 
prepared by adding a known weight of ferrous sul- 
fate. After the target cell was filled, it was immedi- 
ately connected to the manifold, which was then evac- 
uated until roughly 5% of the target solution had 
been evaporated. Stopeock (1) was then closed, and 
the manifold was evacuated, including the product gas 
storage bulb and that portion of the manifold stop- 
cock (2) which was connected to the CO, reservoir 
containing approximately 1 me of 5-9% C**-labeled 
CO,. After the evacuation was complete, the manifold 
was isolated by closing stopeock (3). Stopeocks (1) 
and (2) were then opened, and the CO, ‘was allowed 
to equilibrate with the target solution. The target cell 
was then bombarded with a 0.5 ua beam of 40-mev 
helium ions. Bombardment data for each of the ex- 
periments are summarized in Table 1. 

After bombardment, the target cell was allowed to 
stand for 1-2 hr to permit the induced radioactivity 
to decay out. Stopeocks (1) and (2) were closedy:and 
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the target cell was removed from the manifold. The 
solution was then treated with sulfurie acid to dis- 
solve the ferric hydroxide, and adjusted to pH 1. The 
unreacted C'*O, was stripped with nitrogen and re- 
covered in sodium hydroxide solution. After most of 
the high specific activity C'*O, had been removed, the 
solution was flushed with tank CO,, which was dis- 
carded. A sample of the solution was withdrawn at 
this point for ferric ion analysis. 

To the remainder of the solution formic acid, for- 
maldehyde, and methyl alcohol carriers were added in 
amounts to give 100 mg of the isolated product—.e., 
barium formate, methone derivative of formaldehyde, 
and barium carbonate prepared from the CO, formed 
on oxidation of the methyl alcohol fraction. 

The pH of the solution was then adjusted to 7, and 
the formaldehyde and methyl alcohol were distilled 
in vacuo. The distillate was treated with methone solu- 
tion in 50% excess and acidified. This precipitated the 
methone-formaldehyde derivative, and the methyl al- 
cohol was separated from this mixture by a second 
vacuum distillation. The methyl alcohol distillate was 
wet-oxidized with a chromium trioxide-sulfuric acid 
mixture containing potassium iodate, and the evolved 
CO, was recovered as barium carbonate. In nene of 
the bombardments was this barium carbonate fraction 
active. 

The methone-formaldehyde precipitate was filtered 
off, washed, and dissolved in sodium hydroxide. The 
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solution was acidified and the precipitate centrifuged, 


washed, redissolved in sodium hydroxide, and repre- 
cipitated. This procedure was repeated, and then the 
methone-formaldehyde reaction product was recrystal- 
lized twice from acetone-water. A sample of the puri- 
fied methone-formaldehyde product was counted. 

The residue from the first distillation containing the 
formic acid was acidified to pH 1 and distilled in 
vacuo. The distillate was titrated to phenolphthalein 
end point with a.saturated barium hydroxide solution 
after flushing with CO, followed by nitrogen. The pre- 
cipitate of barium carbonate which formed was centri- 
fuged off. The supernatant containing the barium 
formate was evaporated to approximately 0.5 ml and 
while warm was treated with absolute ethyl aicohol, 
which precipitated erystalline barium formate. This 
was redissolved in water and recrystallized in this 
manner four times. 

A fraction of original solution, which had been 
removed for iron determination, was acidified with 
6 N sulfuric acid and titrated with standard solution 
of potassium permanganate. A second fraction of this 
solution was reduced with sulfur dioxide and titrated 
with potassium permangante after the excess sulfur 
dioxide was removed by boiling. The Fe** concentra- 
tion in the target solution was ecaleulated from the 
difference in titer. In Table 1, Bombardments 1, 2, 
and 3 were made using the all-glass cell. Bombard- 
ment 4 was made using the cell having a 1-mil plati- 
num window. With this cell, the helium ion beam 
incident on the solution had an energy of 35.8 mev. 
The number of ion-pairs produced in Bombardments 
1, 2, and 3 were calculated, assuming that the ion-pair 
yield for ferric ion oxidation obtained in Bombard- 
ment 4 was also obtained using the all-glass target 
cells. This assumption is considered reasonable since 
the energy losses in the glass and platinum windows 
were of the same order of magnitude. 

To insure that HC'*OOH and HC™HO were actu- 
ally produced by helium ion bombardment, the follow- 
ing additional control experiments were performed: 
(1) A sample of the original unbombarded target 
solution containing C'*O, and FeSO, was retained at 
approximately 30° C for 1 week and then processed 
in a manner identical with that used in separating the 
HCOOH, HCHO and CH,OH fractions in the bom- 
barded samples. No C'* activity could be detected in 
these fractions from the unbombarded solution, indi- 
eating that reduced C'* compounds were not present 
in the original solution or formed by a metabolic 
process involving mold or other organisms. (2) A 
blank bombardment (#5) was made without added 
C*0,; the isolated HCOOH and HCHO carriers were 
inactive. (3)*Mass absorption curves run on active 
barium formate produced in the radiation reduction 
of CO, were identical with those obtained using 
known samples of active barium formate prepared 
chemically and having the same specific activity and 
counting geometry. (4) No decay could be detected in 
the activity of the radiation produced HCOOH and 
HC**HO. 
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An examination of Table 1 demonstrates unequivo- 
cally that it is quite possible to reduce appreciable 
quantities of earbon dioxide to formic acid by means 
of water through the agency of radiation. In fact, it 
appears that approximately one fourth of the dis- 
solved carbon dioxide was reduced in Expt 2. Whether 
the formie acid is further reduced to formaldehyde or 
whether the formaldehyde has its origin in a direct 
reduction of carbon dioxide still remains to be demon- 
strated, but formaldehyde can also be produced from 
carbon dioxide and water under the influence of 
radiation. 

The actual ion-pair yield is certainly not optimal 
even in Expt 2 in view of the large excess of the 
number of ion-pairs produced over the number of 
molecules of carbon dioxide in the solution. Presum- 
ably this reduction is achieved by means of the sec- 
ondary hydrogen atoms resulting from the ionization. 
The actual amount of reduction observed is clearly 
still only the resultant of the reduction and oxidation 
reactions. The oxidation reaction is presumably mini- 
mized by the destruetion of the hydroxy] radicals by 
their reaction with ferrous ion (8-10). 

Whether carbon—carbon bonds and carbon—nitro- 
gen bonds can be formed and more highly organized 
structures ereated under the influence of high-energy 
radiations is at present under investigation. 
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Fungus Fruiting in Submerged Culture 
Carl W. Bretzloff* 


Depart ment of Botany, 
Columbia University, New York 


Although several species of ascomycetes have been 
grown in submerged liquid culture, the writer has been 
unable to discover any reports of perithecium forma- 
tion under these conditions. Burkholder and Sinnott 
(1) studied the morphogenesis of about 150 species 
of fungi, including a number of ascomycetes, in shake 
cultures in three different nutrient solutions. In no 
case were perithecia reported, although this ay have 
been due to the use of too short a eulture period or to 
the possibility that none of these media was conducive 
to fruiting. 

1The author wishes to acknowledge his indebtedness to 
John Wood for the culture of the fungus and to R. F. Dawson 


for encouragement and advice in connection with this inves- 
tigation. 
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Among the species grown by Burkholder and Sin- 
nott was a strain of Sordaria fimicola Ces. and De Not. 
We wish to report the formation of mature and ap- 
parently normal perithecia by a strain of this species 
when grown under “deep vat” conditions. Our obser- 
vation would seem to open the possibility of undertak- 
ing an experimental analysis of the intrinsic and ex- 
trinsie factors which control the onset of fruiting and 
the production of ascospores. Submerged cultures, as 
shown by Burkholder and Sinnott, take the form of 
small, discrete mycelia, which can be counted, trans- 
ferred intact to Warburg respirometers, and other- 
wise manipulated as units for the purposes of experi- 
mentation. 

The medium used was essentially that of Wester- 
gaard and Mitchel (2), without agar, and modified 
to contain 8-10 wg of biotin per liter and 5% sucrose. 
The pH range before inoculation was 4.0 to 4.5, and 
the temperature of incubation was about 25° C. In- 
oculations were made by adding an aliquot of an as- 
cospore suspension prepared in a loosely fitting Potter 
homogenizer as. suggested by Burkholder (3). The 
eulture vessels were tubes measuring approximately 
50400 mm. Some of the tubes had an air inlet to 
the bottom ring-sealed into the top and a side-arm air 
outlet also sealed to the tubes; others were provided 
with rubber stoppers carrying an air inlet and outlet. 
Air, sterilized by passing through cotton, and humidi- 
fied by passing through sterile water, was passed into 
the cultures at a rate that caused constant vigorous 
bubbling. 

After about 4 days, the medium began to darken 
somewhat and to foam in a way characteristic of pro- 
tein solutions, and soon thereafter the fungus appar- 
ently began to grow more rapidly and the mycelium 
took on a light-brown color. After about 2 wecks, 
young to fairly mature perithecia were formed on the 
newer part of the mycelium. Eventually some of these 
matured, and the ascospores were shed into the me- 
dium. At the time of fruiting, the cultures were very 
thick and dark, and the mycelium was a tan color 
under the microscope. It should be noted, however, 
that the individual colonies here were of a much looser 
texture than the colonies of this fungus studied by 
Burkholder and Sinnott, and also that they were not 
perfectly regular in shape. The largest colonies were 
about 1 cm in diameter, and had larger, more mature, 
and greater numbers of perithecia than did the smaller 

On lower concentrations of sucrose and on unfavor- 
able carbon sources such-as inulin,’ young perithecia 
ean be seen on the very scanty thycelium in 4-6 days, 
and very little further mycelial growth occurs. 

Apparently strictly aerobic conditions are not neces- 
sary for the formation of the perithecia of this fungus. 
This was also noted by Edwards et al. (4) for this 
species and by Denny (5) for Neurospora crassa. 

We have also noted the formation of submerged 
perithecia of Sordaria in standing liquid cultures con- 
taining low concentrations (less than 1%) of sucrose 
and other carbon sources. Formation of immature 
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perithecia of N. crassa (15,300 A x 15,300 a) occurred 
in standing liquid eultures containing the nonnitro- 
genous mineral constituents of the Westergaard and 
Mitchel medium and ‘0.2% Difeo yeast extract but 
lacking sugar. These perithecia failed to mature. 

The ascospores of this strain of S. fimicola, which 
normally seem to germinate only to the extent of about 
5% in sugar-containing media, may be germinated 
to advantage in the above-mentioned culture vesscls, 
using 0.5-1.0% sodium acetate instead of sucrose in 
the Westergaard and Mitchel medium. At least 60% 
germination may be secured in 18 hr at 25° C; after 
this length of time, further counts are not feasible. 
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The Rate of Mutation of the Gene 
Responsible for Retinoblastoma in Man 


James V. Neel and Harold F. Falls* 


Heredity Clinic, Institute of Human Biology, and 
Department of Opbthalmology, School of Medicine, 
University of Michigan, Ann Arbor 


Retinoblastoma is a highly malignant ocular neo- 
plasm that characteristically appears in children 
ranging in age from a few months to four years. 
Unless effective surgical or irradiation therapy is 
initiated before the lesion has spread beyond the con- 
fines of the globe of the eye, the outcome is almost 
invariably fatal. Most children with the disease have 
no similarly affected relatives. The literature contains 
numerous reports, however, of families in which indi- 
viduals surviving the disease have transmitted it to 
one or more of their children. There are also reports 
of several affected children being born to normal 
parents (1-4). 

Current genetic theory (3, 5, 6) holds that the dis- 
ease is due to a dominant gene; The apparently iso- 
lated eases are attributed to mutation. In a state of 
nature the genes responsible for retinoblastoma would 
for the most part tend to be eliminated by natural se- 
lection in the same generation that they arose through 
mutation. When, however, either because of appro- 
priate medical treatment or in consequence of a very 
rare spontaneous regression of the tumor, an affected 
individual survives, he may transmit the gene to half 
his children, who in turn may develop the disease. It 
is further postulated that occasionally, for unknown 
reasons, an individual who possesses this gene fails 
to develop a retinoblastoma. He will still transmit the 


1 This study has been supported by a grant from the Ameri- 
can Cancer Society, to which grateful acknowledgment is 
made. A detailed report on this investigation will be published 
elsewhere (Arch. Ophthalmol. [Chicago], in press). 
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gene to half his children, however, and they will de- 
velop the disease unless the same or some other sup- 
pressive influence is operative. 

If one assumes that all sibships in which one or 
more children with retinoblastoma are born to normal 
parents are due to a dominant mutation involving the 
same genetic locus, then it is possible to estimate the 
rate with which this mutation is occurring. The fact 
that the gene is not completely penetrant does not 
significantly alter the estimate. Each gene that arises 
in one generation but fails to find expression will 
be approximately balanced by a gene that arose in a 
previous generation but is only now finding expres- 
sion in the children of the person who first received 
it. The estimate of mutation rate depends upon the 
derivation of an accurate figure for the frequency 
of sibships in which one or more affected children have 
been born to normal parents. 

We have now completed a survey of cases of retino- 
blastoma occurring in the state of Michigan between 
1938 and 1947. Individuals with the disease have been 
located through the records of the Department of 
Pathology and the University Hospital of the Uni- 
versity of Michigan, through correspondence with all 
practicing ophthalmologists and hospitals in the state, 
and through the records of the State Department of 
Vital Statistics and the Michigan State School for the 
Blind. The diagnosis has in each case been verified 
through appropriate field studies and professional 
correspondence. A total of 53 cases located among 52 
families is known to have occurred during this period. 
Since, however, the one instance of two cases in a 
single family involved identical twins, we are dealing, 
biologically speaking, with a total of only 52 cases. 
In two instances the affected child had an affected 
parent. In one instance, although both parents were 
normal, the affected child had 5 affected siblings, all 
born outside the 10-year period under investigation. 
The mutation rate may be derived from the ratio 


lished estimate of Philip and Sorsby (8) for the same 
gene (1.4x10-5), their estimate being based upon 
material drawn from London. The basis for the differ- 
ence in the two estimates lies in the lower incidence 
figure that they adopted. The possibility therefore 
arises that the rate of mutation of this gene varies 
significantly from one geographical area to another. 

If some eases of retinoblastoma are nongenetic in 
origin, or if the disease can be caused by the presence 
of any one of several different genes, then the estimate 
given above is too high. It has been pointed out that 
the frequency of bilateral disease is greater where two 
or more cases appear in a single family than where 
the disease occurs as an isolated event. In other words, 
the proved genetic disease is more often bilateral 
than where a genetic origin is presumptive. This raises 
the possibility that a certain fraction of the isolated 
eases are due to somatic rather than germinal muta- 
tion, in which case the estimate derived above is again 
too high. If, on the other hand, ascertainment of the 
trait falls short of 100%—as seems probable—then 
the estimate is too low. Moreover, the present estimate 
fails to correct for infant mortality prior to the age 
of 2, or identical twin births, facts which also tend 
to result in a lowering of the estimate. 

The data have been analyzed for the existence of 
factors capable of influencing the rate of mutation 
of this gene. There does not appear to be a significant 
tendency for a disproportionate frequency of occur- 
rence of retinoblastoma during any of the 10 years 
under study. Month of conception cannot be shown 
to exert an effect on the mutation rate. No effect of 
parental age can be demonstrated. There is no sig- 
nificant difference in the frequency of mutation among 
urban as compared to rural populations. Family 
studies reveal no distinguishing physical or mental 
characteristics of the parents of children with retino- 
blastoma. 

Tentative mutation rate estimates are now available 


Number of sibships in which one or more affected children have been born to normal 
parents during 1938-47 49 


Total number of births in the population during 1936-45 


The reason for using the number of births during 
1936-45 rather than 1938-47 is that on the average 
children with the disease do not come to diagnosis 
until approximately 2 years of age. Although actually 
there are 50 sibships that could be included in the 
numerator of this fraction, the sibship with the 6 
affected children, only one of whom was diagnosed 
between 1938 and 1947, has been excluded because 
five sixths of the affected individuals were diagnosed 
outside the period under study. The frequency of 
critical sibships is thus 0.0000464, with a 19 in 20 
probability that the true value lies between 0.0000344 
and 0.0000615, as calculated by the method of 
Stevens (7). The actual mutation rate per gene, since 
each individual is diploid, is 0.0000232, or 2.3 x 10-5, 
with a 19 in 20 probability that the true value lies 
between 1.7 and 3.1x 10-5. This estimate appears to 
be significantly higher than a widely quoted unpub- 
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for approximately a dozen human genes. These are 
summarized in Table 1. The values given are of very 
unequal degrees of validity (a critical evaluation of 
the worth of these estimates will be presented else- 
where). In addition to the results presented in Table 
1, studies on sickle cell anemia and thalassemia 
(Cooley’s anemia) have led to the postulate that the 
incompletely recessive genes which produce these two 
diseases either have in certain racial groups a very 
high mutation rate, of the order of 4-10x10-~, or 
that a state of balanced polymorphism exists, wherein 
the negative selection to which the homozygote is sub- 
ject is offset by a slight positive selection in favor of 
the heterozygote (16). The mutation rate for retino- 
blastoma here reported falls well within the range 
of the other values thus far determined. 

Although dominant genes are most suitable for 
mutation rate studies, recessives may also be used, and 
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TABLE 1 
SuMMARy OF ESTIMATES OF THE RATE OF MUTATION OF HUMAN GENES 
Classification of gene Character produced by gene gene/generation Author 
Autosomal dominant Epiloia -8-1.2 x 10° Penrose, 1936 (9) 
Chondrodystrophy 4.2-4.8 x 10* Mégrch, 1941 (10) 
Pelger’s nuclear anomaly 8x10* Pitau and Nachtsheim, 1946 (11) 
Aniridia >12x10*  Molienbach, 1947 (12) 
Retinoblastoma 14x 10* Philip and Sorsby, unpublished (8) 
2.3 x 10° Neel and Falls, this paper 
Autosomal recessive Microphthalmos and anophthalmos 1-2 x10° Sjogren and Larsson, 1949 (13) 
with or without oligophrenia 
Albinism 2.8x 10% Neel, Kodani, Brewer, and 
Anderson, 1949 (14) 
Congenital total color blindness 2.8x 10* 
Infantile amaurotie idiocy 1.1 x 10* 
Ichthyosis congenita 1.1 x 10* = 
Sex-linked recessive Hemophilia 3.2 x 10° Haldane. 1947 (15) 


a number have been incorporated into Table 1. The 
chief pitfalls inherent in attempting to calculate the 
rate of mutation of nominally recessive genes have 
been stated by Haldane (17) and Muller (18). The 
theoretical osjections are chiefly three: lack of in- 
formation concerning the selective value of the 
heterozygote, lack of information concerning the 
mean coefficient of inbreeding that obtained during 
the centuries when the present-day gene frequency 
was being established, and insufficient data concerning 
the reproductive behavior of the parents of defective 
children with a shortened life expectancy. With re- 
spect to the first objection, it should be pointed out 
that, although it is possible that the heterozygote may 
conceivably be the object of positive selection in cer- 
tain instances, it is very improbable that this can be 
invoked as a general rule to explain all instances where 
recessive genes appear to exhibit high mutation rates. 
With respect to the second objection, it is apparent 
that the general reduction in the amount of inbreeding 
in human populations which appears to have oceurred 
in the past several centuries should on the whole re- 
sult in an underestimate of the mutation rates of re- 
cessive genes, so that the derived figures are minimum. 
Finally, with respeet to the third objection, it must 
be admitted that there are limited data to indicate 
that under present-day conditions there may exist a 
type of reproductive overcompensation among the 
parents of grossly defective children, so that despite 
an increased death rate among their children the final 
sibship size may exceed normal (19-21). If such a 
phenomenon has existed for long, it would introduce 
significant bias into estimates of mutation rates. How- 
ever, this is almost certainly a phenomenon of recent 
origin—it is difficult to believe that during the long 
centuries when the present gene frequencies were be- 
ing established, when infant mortality rates of 50% 
were not uncommon, this factor was operative (21). 
All in all, it does not appear that these various ob- 
jections are sufficient to invalidate attempts to caleu- 
late the rate of mutation of recessive genes, as long 
as the pitfalls are kept in mind and the results 
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interpreted with due caution. It is noteworthy that 
the figures given in Table 1 for recessive genes are 
in substantial agreement with those given for domi- 
nants. 

The average of the estimates of mutation rate in 
Table 1 is approximately 2.6x10-. Although this 
average is perhaps unduly influenced by the relatively 
high and in some respects not completely satisfactory 
figure for Pelger’s nuclear anomaly, we shall accept 
it as the best currently available. In terms of life 
cycles, this is a significantly higher rate than has been 
reported for any cther animal species. The haploid 
number of independent loci capable of mutation in 
man may be placed at approximately 20,000 (22). To 
the extent that one can draw conclusions from this 
very limited sampling of the human genome, these 
figures would indicate that on the average the total 
mutation rate (2.6x10-°x2x10*) is such that each 
diploid individual possesses one mutant gene not 
present in either parent. 

Several investigators have suggested that the esti- 
mates so far accumulated are not based on “typical” 
genes, the argument being that since only the more 
rapidly mutating genes supply, sufficient material for 
mutation rate estimates, there has automatically been 
an unconscious selection of such genes in the studies 
thus far carried out (17,23). This suggestion appears 
to the authors to have only a limited validity. Genes 
with clear-cut and striking effects, especially domi- 
nants, probably tend to have lower mutation rates 
than those whose effects are less dramatic—this in 
response to selection pressures. Studies on induced 
mutation suggest that clear-cut dominant and reces- 
sive mutations are distinctly in the minority when 
one considers the entire spectrum of induced genetic 
change (24). It follows, then, ‘hat the mutation rate 
studies thus far carried out heve probably involved 
the most rapidly mutating: among a group of genes 
which as a whole are less rapidly mutating than genes 
whose effects are more subtle. It would therefore ap- 
pear to be premature to conclude that the rates thus 
far estimated are higher or lower than the average. 
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Muller (18), in a brilliant treatment of the muta- 
tion problem in man, has emphasized the relative fre- 
queney with which this phenomenon occurs, a point 
of view with which we are in complete agreement. 
Our own figure for total mutation rate is somewhat 
higher than that arrived at by Muller (0.1-0.5), the 
chief basis for the difference being the more conserva- 
tive estimate of gene number (5,000-20,000) which 
he adopted. He has stated that it is unlikely that the 
total mutation rate in man exceeds 1.0, because, if we 
assume an approximate equilibrium between the ori- 
gin of new traits through mutation and their removal 
through selection, this implies an average of one 
“genetic death” per individual; it seems to him un- 
likely that the species could “tolerate” more than 
this. This concept of “genetic death” is, however, a 
statistical abstraction that ean be misleading. All of 
us fall far short of the theoretically perfect repre- 
sentative of the species. The various members of a 
species can each carry a considerable handicap as 
long as the species as a whole is capable of success- 
fully resisting efforts to dislodge it from its particular 
ecological niche by other (genetically handicapped) 
species. Man with his highly developed nervous sys- 
tem and social organization may have developed 
mechanisms for compensating for theoretical genetic 
death, mechanisms not operative in lower forms. In 
other words, the tolerable limit of genetic inefficiency 
depends upon both inter- and intraspecific selective 
pressures. Man may have so far negated the inter- 
specific competitions, and so far mitigated and altered 
the usual intraspecific competitions, that relatively 
high mutation rates per generation can be tolerated 
(and on oceasion turned to advantage) as long as the 
integrity of the organ responsible for his success, the 
brain, is not threatened. Furthermore, the survival of 
an individual under competition is as a rule not deter- 
mined by the presence of single genes but by con- 
stellations of genes. Each individual who dies for 
reasons primarily genetic removes some 40,000 genes 
from circulation. One “genetically determined” death 
may therefore effect the disappearance of a number 
of mutations, particularly if there is any tendency for 
the distribution of unfavorable genes in a population 
not to follow a normal frequency curve. For these 
reasons it would seem premature, until more detailed 
data are available, to postulate a genetically accept- 
able upper limit for total mutation frequency. 

Further research in this area is a prerequisite to 
intelligent discussion of the problems of induced mu- 
tation, as from therapeutic or diagnostic irradiation, 
or the peacetime or military applications of atomic 
energy. The dangers of induced mutation can only 
be evaluated against the background of knowledge of 
spontaneous human mutation rates. Furthermore, an 
evaluation of the genetic problems inherent in the 
recent alterations in the type of selective factors to 
which human populations are subject likewise re- 
volves around a recognition of the total frequency of 
mutation which must in each generation in a state 
of nature be offset by the selective process. 
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Cross Resistance of Streptococci to 
Five Streptomyces Antibiotics* 


Horace M. Gezon? and Dorcas M. Fasan 


Department of Pediatrics, 
University of Chicago, Chicago, Illinois 


Microorganisms that have acquired resistance in 
vitro or in vivo to one antibiotic have been shown to 
have a cross resistance to other antibiotics to which 
they had not previously been exposed. This phe- 
nomenon is of evident importance in chemotherapy, 
and may be of significance in understanding the 
mechanisms of antibiotic activity. 

Pansy et al. (1) induced resistance to chloromycetin 
and aureomycin separately in strains of Escherichia 
coli and Micrococcus pyogenes var. aureus. Each re- 
sistant strain showed cross resistance to the other anti- 
biotic as well as to terramycin. Herrell et al. (2) 
showed that strains of FE. coli and Aerobacter aero- 
genes resistant to terramycin were also resistant to 
aureomycin and chloromycetin, but not to strepto- 
mycin. Streptococcus fecalis and M. pyogenes strains 
resistant te terramycin were resistant to aureomycin, 
but not to streptomycin or chloromycetin. In contrast, 
Waksman (3) has reported that both streptomycin- 
sensitive and streptomycin-resistant strains of differ- 
ent mycobacteria were sensitive to neomycin, and 

1 This investigation was supported by research grants from 
the National Institutes of Health, USPHS, and Abbott Labo- 


ratories. 
2 Present address : Naval Medical School, Bethesda, Md. 
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TABLE 1 


ANTIBIOTIC RESISTANCE INDUCED IN GROUP 
A STREPTOCOCCI 


Fold increase after 47 transfers on 


desig- Type & 
nation | 3 
3 = 

z 5 
Z 5 < & 
C203MV 3 2000 75 37 67 25 
B347 2 2000 250 25 100 250 
K43 1 3500 583 60 60 125 
283T 6 2500 40 17 50 50 
5797 25 100 1000 67 50 50 
Richards 3 100 2000 12 50 40 
B350 2 3000 250 21 130 60 


Karlson et al. (4) have shown a therapeutic effect of 
neomycin on experimental tuberculosis in guinea pigs 
infected with streptomycin-resistant tubercle bacilli. 
Waksman and co-workers (5) found aureomycin 
effective against both streptomycin-resistant and 
streptomycin-sensitive strains of Mycobacterium 607. 


TABLE 2 


Cross RESISTANCE OF STREPTOMYCIN-RESISTANT AND 
NEOMYCIN-RESISTANT STREPTOCOCCI 


Fold increased 
resistanee to 


Fold inereased 
resistance to 


_—_ neomycin after streptomycin after 
induced induced 
— streptomycin neomycin 

resistance resistance 
C203MV 2 3 
B347 0 5 
K43 0 4 
283T 2 7 
5797 2 20 
Richards 4 20 
B350 0 7 


To study possible cross resistances among five of 
the Streptomyces antibiotics, individual resistance to 
streptomycin, neomycin, chloromycetin, aureomycin, 
and terramycin was induced in each of seven typable 
Group A f-hemolytie streptococci by the plate-to- 
plate method previously deseribed (6,7). The strains 
are designated C203 MV (Type 3), Richards (Type 
3), K43 (Type 1),° 283T (Type 6),° 5797 (Type 25),° 
B347 (Type 2),° and B350 (Type 2).* The organisms 
remained both group- and type-specific throughout 
the period of the experiment. 

Table 1 summarizes the fold increase in resistance 
induced separately in the streptococci to each of the 
five antibiotics after 47 serial transfers on medium 
containing one antibiotic. The seven streptococci re- 

* These organisms were supplied by Stuart Elliott. 
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sistant to one antibiotic were plated in series on media 
containing each of the four other antibiotics. The 
cross resistance of streptomycin-resistant organisms 
to neomycin and of neomycin-resistant strains to 
streptomycin is given in Table 2. Similarly, aureo- 
mycin-resistant streptococci showed an increased re- 
sistance to terramycin, and terramycin-resistant ones 
a moderate degree of resistance to aureomycin. The 
results are given in Table 3. No other cross resistance 
was observed. Chloromyeectin-resistant organisms were 
as sensitive as their parent strains to each of the other 
four Streptomyces antibiotics studied. 


TABLE 3 
Cross RESISTANCE OF AUREOMYCIN-RESISTANT AND 
TERRAMYCIN-RESISTANT STREPTOCOCCI 


Fold increased Fold increased 
Strain resistance to resistance to 
terramycin after aureomycin after 
induced induced 
aureomycin terramycin 
resistance resistance 
C203MV 27 9 
B347 27 20 
K43 13 il 
283T 2 13 
5797 13 7 
Richards 13 5 
B350 13 5 


These data suggest that aureomycin may not be 
effective in the control of infections from terramycin- 
resistant organisms or terramycin in infections from 
aureomycin-resistant strains. They demonstrate less 
clearly the cross resistance between neomycin and 
streptomycin. The maximum of a fourfold increase 
in resistance to neomycin after induced streptomycin- 
resistance, although reproducible, may be within the 
limits of experimental error; the reverse of this with 
streptomycin-resistance after induced neomycin- 
resistance is probably a significant rise. 

The concept at present widely held, that the use 
of one antibiotic is not likely to interfere with the 
subsequent use of another related drug, is made less 
tenable by these data. This statement must be qualified 
by the reminder that these results were observed only 
in B-hemolytie streptococci with resistance induced in 
vitro and may not- apply to other organisms or to 
natural resistance. 
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Comments and Communications 


Cult or Science? 


THERE may be a “growing tendency toward statism, 
with its enslavement of body and mind to the whims 
of the relatively few men whose aim is to force con- 
formity ... ,” as Metealf says (Science, 113, 696 
[1951]), but the New York state law referred to by 
Goldstein and Pollet (ibid., 249) is no protection 
against this tendency. Does Metcalf think that the 
bacterial theory of the origin of many diseases is a 
state philosophy, one of the “whims of the relatively 
few men,” as his letter implies? 

I know of no scientist who will deny that “there is 
today no avenue of scientific investigation in which 
the intellectually honest scientist will assert that the 
theories on which current investigations are conducted 
have been ‘established beyond doubt’.” The qualifying 
phrase “with enormously high probabilities” Metcalf 
omitted from his quotation. If any person, scientist 
or not, has any evidence or serious argument to pre- 
sent against any of the accepted scientific theories 
currently being taught, any science teacher worthy of 
the name will gladly give him a hearing. However, 
the Christian Science Church does not challenge cur- 
rently accepted scientific theory as a scientist would 
who had reason to believe a current theory is in need 
of revision. Their objection to certain instruction is 
the fact that it “conflicts with the religion” of the 
parents of the students, not that they have evidence 
controverting the theories taught. P 

Science teachers are not trying to “abrogate the 
right of the individual citizen to refuse acceptance of 
a scientific theory.” On the contrary, the law that 
Metcalf defends abrogates a student’s right to choose 
between alternative theories by denying him a chance 
to hear the alternatives to the dogmas of his parents’ 
church. Teachers, generally, are willing to have a stu- 
dent or individual citizen refuse to accept a scientific 
theory if he has reason for so doing, or even if he has 
no reason, only a contrary religious belief; but they 
are not willing to have religious groups prevent stu- 
dents from having a chance to judge whether the 
theory is acceptable. 

Science teachers have confidence that most of their 
students, when presented with the known facts and 
suggested theories for their explanation, will accept 
the theory most in accord with the facts. Apparently 
the Christian Science Church does not have a similar 
confidence in students, or does not want them to ac- 
cept the theory with most evidence in its favor. 

What “ample reason” is there to believe that any 
specific one of the currently accepted scientific theories 
that are objected to by the Christian Science Church, 
or other group, will be outmoded tomorrow? If Mr. 
Metcalf has such reason, it is his duty to bring this 
reason to the attention of fellow-scientists in the usual 
way by publication and discussion at scientific meet- 
ings, so that his point of view may get a hearing. 
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Then, if his reason is sound, his view will prevail, and 
all students will get the benefit of the improved theory. 


Georce A. FINK 
Dayton, Ohio 


(Potentiometric) Measurements in 
(Some) Colloidal Systems 


THE article by Jenny et al. (1) evoked two replies 
(2, 3) which clarified several issues involved but at 
the same time obscured an important consideration— 
namely, the explanation of the so-called suspension 
effect which may render meaningless potentiometric 
measurements such as pH determinations in many 
colloidal systems. 

Jenny et al. (1) studied suspensions of an ion ex- 
change resin in KCl solutions and tried apparently, to 
prove three points: (a) that Donnan equilibrium does 
not exist; (b) that potentials of concentration cells 
whose junction occurs in a resin suspension can be 
ealeulated if transference numbers in the suspension 
are known; and (c) that a saturated KCl salt bridge 
cannot be used in these systems to eliminate junction 
potentials. 

Point (a) has been duly criticized by Marshall (2), 
and little needs to be added. Point (b) is evident from 
thermodynamic considerations (4), and the necessary 
transference numbers can either be measured in the 
same system, as has been done by Jenney et al., or 
they can be calculated under idealized conditions, if 
the properties of the membrane are known from 
Donnan equilibria according to the Meyer-Sievers- 
Teorell theory (5, 6), as pointed out by Marshall (2) 
and by Erikson (3). 

Point (c), the effect of the salt bridge, has, however, 
been dismissed by Marshall as not likely to amount 
to more than a trivial correction, and by Erikson 
as only “comparatively small (insignificant according 
to the Meyer-Sievers-Teorell theory).” It is this point 
that I should like to try to clarify. 

Both Marshall and Erikson seem to treat the 
dispersion of resin in KC] solution as a single phase, 
whereas in reality it is composed of small but discrete 
regions of resin and solution. (The thickness of the 
ion atmosphere or ion swarm is of the order of 50 A 
in the most dilute solutions and hence negligible in 
comparison.) Furthermore, the resin is a hard, non- 
deformable solid. 

The Donnan condition of restriction of an ion to 
given spatial area can apply only to the resin region 
(and not to the solution region). It is also apparent 
that it is not easy to determine directly either the con- 
centrations or the potentials within the resin. 

Under some circumstances it may, nevertheless, be 
permissible to discuss the properties of the suspension 
as a whole; for example, its electric resistance over 
large enough regions will be a well-defined quantity. 
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Similarly, the transference number in the suspension 
may be a well-defined (but not simple) average of 
transference numbers in the solutions and in the resin. 
In dilute solutions, where the resin may be a much 
better conductor, the transference number in the sus- 
pension may approach that of the resin alone. 

On the other hand, when a salt bridge containing 
concentrated KCl is inserted into such a suspension, 
conditions may vary greatly, depending on the con- 
struction of the bridge and other experimental details. 
The two possible extremes occur when the concentra- 
. tion gradient between concentrated KCl and the dilute 
salt solution either contains no resin or is formed 
entireiy within the resin. When the concentration 
gradient is established through a layer of the sus- 
pension, intermediate effects may be expected. 

Where the concentration gradient is entirely formed 
in solution so that the resin plays no part, the trans- 
ference numbers of the K* and Cl- are substantially 
equal and, as usual in simple electrolyte solutions, the 
junction potential is negligible. 

Where the resin plays a role, conditions are quite 
different from the classical case of a salt bridge im- 
mersed in a solution containing a mobile colloidal ion 
and separated from another solution by a semi- 
permeable membrane. Here the colloidal ion shows its 
peculiar behavior only at the membrane, whereas at 
the salt bridge its effect is swamped out hy the high 
concentration and equal mobility of the K* and Cl- 
ions. In other words, the situation of the salt bridge 
is essentially the same as in the presence of any 
simple electrolyte solution. This is presumably the 
ease Marshall had in mind when he assumed that the 
junction potential of the salt bridge is negligible. The 
resin, on the other hand, contains immobile ions. It 
needs no membrane to show the Donnan effects, and 
it shows these effects at any boundary of solutions. 
When a concentration gradient from dilute to concen- 
trated KCl is formed between two sides of a resin (or 
within a resin suspension), the Donnan effects, par- 


ticularly near the dilute region, cause an inequality 
of concentrations of the K* and Cl- ions and hence 
an alteration of their transference numbers, thereby 
giving rise to junction potentials that need not be 
negligible. These potentials can be caleulated, either 
as shown by Jenny, from measured transference num- 
bers in the same system, or under idealized conditions 
from the Meyer-Sievers-Teorell theory or its ex- 
tensions. 

Contrary to Erikson’s statement, the Meyer-Sievers 
theory does not predict a negligible potential for this 
ease. If their Equation 6 is applied to a membrane 
separating a very low and a very high concentration 
of an electrolyte whose anion and cation have equal 
transference numbers, it simplifies to 

RT 1 A 
E= In yw 
where A is the concentration of immobile ions of the 
membrane and the remaining symbols have their usual 
meaning. In other words, the membrane potential 
tends toward infinity under these conditions, if A (the 
exchange capacity of the resin) is not negligible. 

Apparently, it is because of the existence of Don- 
nan effects in suspensions of ion exchange resins that, 
as suggested by Jenney et al., the use of salt bridges 
in these and related systems can lead to high junction 
potentials, which necessitate considerable caution in 
the interpretation of potentiometric measurements, 
even of simple pH determinations. 

Karo. J. Myseis 
Chemistry Department 
University of Southern California 
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Book Reviews 


Propagation of Short Radio Waves. M.1.T. Radia- 
tion Laboratory Series, Vol. 13. Donald E. Kerr, 
Ed. New York-London : McGraw-Hill, 1951. 728 pp. 
$10.00. 

This book is another excellent volume of the refer- 
ence series that resulted from the work of the MIT 
Radiation Laboratory during World War II. In con- 
trast to most of the series, this book does not restrict 
itself to the radar problem but treats propagation of 
short radio waves (microwaves) through space with- 
out specific regard to their application. 

The phrase “propagation of radio waves” usually 
implies the phenomenon of propagation of radio 
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waves through space as it is affected by the presence 
of ground and atmospheric disturbances. This book 
uses a more general definition of propagation, defin- 
ing the later as transmission of signals from a trans- 
mitting to a receiving antenna. In the case of a radar 
system, this implies that reflection properties of the 
target must be considered, as well as the character- 
istics of the background illuminated by the trans- 
mitting beam. This book, in fact, devotes considerable 
space to the study of echoes from various kinds of 
radar targets, starting from idealized subjects such as 
scattering from a sphere, and proceeding to the more 
complex ones such as reflection from aircraft, the 
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surface of the sea, mountains, trees, and other com- 
plex objects. 

Included in the book is a section on atmospheric 
attenuation due to the presence of uncondensed gases 
and scattering objects such as raindrops. Both of 
these effects are extremely important at the very short 
wavelength and, in fact, play the predominant role 
in evaluating the usefulness of certain classes of com- 
munication systems. 

In the introduction, the editor gives a number of 
facts that are of importance in understanding the 
value of the book. First of all, short radio waves 
mean here the wavelength range of about 3 m to 1 
mm. Although much of the material is perfectly ap- 
plicable to the longer wavelength region, the reader 
must be aware that outside this region other phe- 
nomena may occur that may well play the more im- 
portant role. 

Second, the authors quite properly state that the 
book is neither a handbook nor a text, but is rather 
an interim report on a rapidly changing subject. The 
basis of the book is the tremendous amount of re- 
search accomplished by the Propagation Group of the 
Radiation Laboratory. Of course, an immense quan- 
tity of material, both theoretical and experimental, 
was available to the authors from many sourees. Being 
most familiar with their own work, they have relied 
upon themselves much more than would normally be 
desirable in such a large, complex field. But the reader 
should understand that both space in the book and 
time for its preparation were limited, and the au- 
thors had limited opportunity to evaluate the work of 
others. An effort was made to refer the reader to the 
reports and work of other organizations throughout. 
Moreover, the manuscript was apparently referred to 
several experts in the U. 8. and England prior to its 
publication. 

The book is extremely well written and the material 
is well organized and easy to understand even for a 
nonspecialist. Although the book was based upon re- 
search completed prior to 1946, this reviewer believes 
that it still presents an up-to-date account of knowl- 
edge in this important field. 

E. L. Grnzron 
Microwave Laboratory, Stanford University 


Fossil Mammals of Africa: The Miocene Homi- 
noidea of East Africa, No.1. W. E. Le Gros Clark 
and L. 8. B. Leakey. London: British Museum 
(Natural History), 1951. 117 pp. and 9 plates. 1£ 
15s. 

Until now, the Tertiary land mammals of Africa 
south of the Sahara have been among the least known 
of all continental faunas. A new British Museum 
series, ably begun, will describe a new and rich col- 
lection that includes 10 mammalian orders, about 18 
families, and 18 genera identified so far, to be treated 
by appropriate specialists. These collections have been 
made at intervals since 1909, often under extraordi- 
nary difficulties, such as Pigott’s fatal encounter with 
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a crocodile. The authors consider the numerous fau- 
nules as essentially contemporaneous and accept the 
previous interpretation of early Miocene age (Burdi- 
galian, roughly equivalent to the Harrison of Ne- 
braska). This careful, detailed monograph on the 
abundant fossil ape remains of Kenya introduces 
critically important material for vertebrate paleon- 
tology and anthropology. 

The Kenya collections include remains of 13 lemurs, 
13 monkeys, and 226 apes. This paper furnishes the 
first full data on any Miocene ape—previously known 


essentially from jaws and teeth. Since men and apes | 


presumably split apart about this time, the impor- 
tance of this new material can hardly be overstated. 
The apes are Limnopithecus, with two species, Siva- 
pithecus africanus, and Proconsul, with three species. 
Limnopithecus is a gibbon which forms a link in the 
rough sequence Parapithecus—Propliopithecus—Limno- 
pithecus—Pliopithecus-Hylobates. Sivapithecus afri- 
canus is generically inseparable from the Indian form 
on the basis of the material available. Proconsul is 
the abundant primate, ranging from smaller than a 
chimpanzee to gorilla size. Besides numerous jaws and 
teeth, it is represented by a skull, lacking the occiput, 
the associated mandible, and by tentatively assigned 
clavicle, humerus, femur, talus, and ecaleaneum. Pro- 
consul has a small cranium, with indications of a 
brain comparable in grade to that of living Old 
World monkeys, marked prognathism, receding chin, 
but no sagittal crest or supraorbital ridges. The in- 
eisors are of human type, the canines moderately 
large, the cheek teeth those of a generalized great ape, 
something like Dryopithecus, with an elongated third 
lower molar and a reduced third upper molar. The 
limb material suggests habitual quadrupedal rather 
than brachiating posture, but the caleaneum indicates 
that it could assume a more erect posture than can 
the chimpanzee. It remains to be seen whether addi- 
tional evidence will sustain the authors’ suggestion 
that man did not pass through a brachiating stage. 

The closest resemblances of Proconsul are to Dryo- 
pithecus and Sivapithecus, then to other great apes, 
and then to apes and men in general (Hominoidea), 
with a few primate features, which, among living 
forms, characterize Old World monkeys and baboons. 
The authors are justifiably cautious about phylogenies, 
but this full information about Proconsul will be an 
invaluable basis for all future studies of human evo- 
lution. Even without implications as to their exact in- 
terrelationships, the morphological series Proconsul- 
Australopithecus — Pithecanthropus — Sinanthropus - 
Homo neanderthalensis—H. sapiens is nicely gradu- 
ated from ‘a generalized ape to modern man, now 
represented, for each stage, by adequate material and 
with only moderate anatomical gaps between stages. 
Proconsul thus immediately assumes key importance 
for discussions of human origin. 

Horace E. Woop, 2np 

Newark College of Arts and Sciences 
Rutgers University 
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News and Notes 


Nuclear Physics and Cosmic Rays: 
A Symposium at Heidelberg 


THIS symposium was arranged by H. Maier-Leib- 
nitz in honor of the sixtieth birthday of W. Bothe, 
whose contributions to the field of nuclear physics 
and cosmic rays are well known in this country. Host 
to the symposium, held July 1-3, was the University 
of Heidelberg. The sessions were attended by more 
than 100 guests from Austria, Denmark, England, 
France, Germany, Italy, the Netherlands, Norway, 
Sweden, Switzerland, and the United States. 

In the course of the two-day program 24 papers 
were presented, dealing with nuclear structure and 
nuclear models, general problems of cosmic rays, 
nuclear spectroscopy, and age determination by means 
of nuclear decay. The third day of the symposium 
was devoted to informal discussions in smaller groups. 
At the conclusion of the meeting, provision was made 
for those interested to visit the research laboratories 
of the Heidelberg Institute of Physics. 

The sessions began with an excellent review of the 
nuclear shell model by Maria Goeppert-Mayer (Ar- 
gonne National Laboratory). This paper served as a 
starting point from which the subsequent papers could 
logically proceed. The speaker showed how the so- 
called magic numbers in nuclear structure can be 
understood on the basis of a shell model of the 
nucleus, assuming a strong spin-orbit coupling of the 
nucleons. The effect of the nuclear shell structure on 
B-deeay was the subject of the two following talks. 
J. H. D. Jensen (Heidelberg) mentioned the influence 
of the magic numbers on the B-decay energies and 
on the coulomb interaction of the nucleons. The rela- 
tionship between the angular momenta of nuclei as 
predicted by the shell model and the degree of for- 
biddenness of 6-transitions was presented by L. W. 
Nordheim (Los Alamos). In the discussion that fol- 
lowed this paper it was pointed out by W. Heisenberg 
(Gottingen) that a strong spin-orbit coupling of the 
nucleons is rather difficult to understand on the basis 
of the current meson theories. The fourth talk, given 
by Maria Goeppert-Mayer, dealt with the occurrence 
of nuclear isomers in eertain atomic number regions. 
The shell model gives a satisfactory explanation of 
this phenomenon. The isotope shift in heavy elements 
caused by the charge distribution of the nucleus was 
the subject of the next paper, given by H. Kopfer- 
mann (Géttingen). 

The afternoon session, devoted to the discussion of 
cosmic ray phenomena, was opened by W. Heisenberg 
with a survey of the theories of the x-meson pro- 
duction in cosmic radiation. The theoretical caleula- 
tions of Oppenheimer, Fermi, and Heisenberg were 
critically compared. Measurements on the second and 
third maximum of the Rossi curve were reported by 
W. Bothe (Heidelberg). The observation of two 
shower peaks occurring at 16 em Pb and 26 em Pb 
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seems to be verified beyond any doubt. The position 
of the third maximum depends strongly on the re- 
duced atmospheric pressure, a fact that was also dis- 
eussed in the paper by J. Clay (Amsterdam). T. 
Lauritsen (Caltech) presented some convincing cloud- 
chamber pictures showing the decay of a neutral V,- 
particle into two charged particles, and gave a survey 
of our present knowledge of the V-particles. The 
energy spectrum of the decay electron of cosmic-ray 
H-mesons was measured at the Ecole Polytechnique 
in Paris, as reported by C. Peyrou in association with 
A. Lagarrigue. As one would expect, the result agrees 
well with the measurements carried out in Berkeley 
with artificial mesons. 

The next two papers dealt with an anomaly of the 
cosmic-ray intensity observed June 8, 1951, in Frei- 
burg by A. Sittkus. A possible explanation of this 
effect was given by A. Ehmert (Weissenau), who 
related the anomaly to a sudden change in the inten- 
sity of the earth’s magnetic field. In the last paper 
of the day E. Schopper (Stuttgart) described some 
observations on stars photographed at an altitude 
of 10,000 feet. 

J. Mattauch (Berne) opened the second day’s ses- 
sions with a discussion of the precision measurements 
of nuclear masses and the problems arising in the 
evaluation of mass-spectrometric data. A method of 
precise mass determination useful up to an atomic 
number of about twenty employs the Q-values of 
nuclear reactions. T. Lauritsen reported on measure- 
ments made by Li, Whaling, Fowler, and C. C. 
Lauritsen at the California Institute of Technology. 

Recently published erystal spectrometer measure- 
ments of the quantum energy of the annihilation 
radiation seem to indicate that the mass of the posi- 
tron is slightly differen. from the mass of the elee- 
tron. In the following two papers by G. Lindstrém 
(Stockholm) and D. A. Lind (now in Zurich), it was 
shown that newer measurements yielded the same 
mass for both particles and that the former discrep- 
ancy was due to a systematic error in the spectrom- 
eter measurements of DuMond and Cohen. 

Neutron cross-section measurements comprised the 
theme of the next three papers. W. Ziinti (Zurich), 
in association with R. Ricamo, described measure- 
ments of the total cross section of carbon, nitrogen, 
and oxygen for neutrons between 2 and 4 mev. In 
the case of oxygen, a so-called negative resonance 
peak was found. The occurrence of such negative 
resonances was well understood after V. Weisskopf 
(MIT) spoke on that particular subject. The third 
paper on neutron cross sections was presented by P. 
Huber (Basel). With an ionization chamber used in 
conjunction with a 19-channel pulse analyzer, the 
angular distribution of fast neutrons seattered by 
helium and oxygen nuclei was investigated and com- 
pared with theoretical caleulations. A paper presented 
by O. Kofoed-Hansen (Copenhagen) dealt with the 
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measurement of the recoil of nuclei during B-deeay. 

During the closing session, talks on age determina- 
tion by means of radioactive decay products were 
presented by three speakers. F. G. Houtermans (Gét- 
tingen) described a new technique using the well- 
known uranium-lead method. The difficulties in deter- 
mining the age of meteorites by the helium method 
were discussed by S. F. Singer (London). A new 
method to estimate the age of potassium-containing 
minerals, described by W. Genter (Freiburg), makes 
use of the fact that a small amount of A*® is pro- 
duced during the decay of K*°. 

In the evening of the second day the guests were 
invited on a boat trip up the beautiful Neckar Valley 
to Neckarsteinach. The generosity of the University 
of Heidelberg in offering excellent meals and refresh- 
ments between the sessions was appreciated by all. 
As a whole, the symposium was stimulating and 
marked by lively discussions. The close and informal 
association of the participants helped to make the 
meeting a very fruitful one. 

M. STerren 
Department of Physics 
Purdue University 


Scientists in the News 


The first award of an annual gold “standard medal” 
has been made by the American Standards Association 
to Paul G. Agnew, consultant to the association and its 
administrative head from its founding in 1919 until 
his retirement in 1947. Dr. Agnew also participated in 
the establishment of the International Organization 
for Standardization in 1946. 


Jorge Ancizar-Sordo, director of the Laboratorio 
Quimica Nacional at Bogoté, was a recent visitor at 
the Bureau of Standards, the Beltsville bureau of the 
ARA, and AAAS headquarters. ARA also reports 
that D. S. Carvalho, president of the Brazilian-U. S. 
Institute; C. A. King, director of the Brazilian experi- 
ment station; C. A. Krug, head of Brazil’s Institute of 
Agronomy; and J. Zenda, director general of agri- 
culture in Peru, were among other South American 
visitors. Scientists from abroad, many of whom came 
to this country to attend the chemical conclave in New 
York, were exceptionally numerous during September, 
visiting government bureaus in Washington and in- 
stitutions throughout the U. S. before returning to 
their native lands. 


Hubert C. Armstrong, of the Harvard University 
Graduate School of Education, has been appointed 
director of the Public Education Association—a 
citizens’ group working for the improvement of the 
New York school system. 


Frank B. Berry, professor of clinical surgery, Col- 
lege of Physicians and Surgeons, Columbia University, 
has succeeded I. S. Ravdin, of the University of 
Pennsylvania, as a civilian member of the Committee 
on Medical Sciences, Research and Development Board. 
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Dr. Ravdin, who will serve on the Armed Forces 
Medical Policy Council, has just been appointed vice 
president of the University of Pennsylvania in charge 
of medical affairs, temporarily succeeding Robin C. 
Buerki. Dr. Ravdin will continue as John Rhea Barton 
professor of surgery and director of the Harrison 
Department of Surgical Research at Pennsylvania, 
and will be assisted in his new academic post by John 
McK. Mitchell, dean of the School of Medicine at the 
University. Dr. Buerki left to become executive direc- 
tor of the Henry Ford Hospital in Detroit (Scrence, 
114, 287 [1951]). 


Robert Lee Black, of Channing, Tex., has been ap- 
pointed for a four-year term as chief of the Army’s 
Medical Service Corps, succeeding Othmar F. Goriup. 
Monroe Edward Freeman, head of the department of 
biochemistry at the Army Medical Service Graduate 
School, was named chief of the allied sciences section ; 
Raymond J. Karpen was reappointed chief of the 


sanitary engineering section; Henry D. Roth was | 


named head of the pharmacy, supply, and administra- 
tion section; and John W. Sheridan, now at the Walter 
Reed Army Medical Center, was appointed chief of the 
optometry section. Formed in 1947 from the amalga- 
mation of the former Medical Administrative, Phar- 
macy, and Sanitary corps, the Medical Service Corps 
consists of 5,000 officer-specialists in pharmacy, medi- 
cal administration, sanitary engineering, optometry, 
bacteriology, biochemistry, psychology, and other 
fields allied to medicine. 


Arnold K. Brown has been named president and 
director of the Transducer Corporation of Boston, 
electronic subsidiary of the American Machine and 
Foundry Company. Mr. Brown also is executive vice 
president as well as a director of AMF. 


Ruby F. Bryant, of Emmerton, Va., has become 
ninth chief of the Army Nurse Corps, succeeding 
Mary G. Phillips, who is retiring after 22 years of 
service. Colonel Bryant, who will serve for a four- 
year term in her new post, has been chief nurse for 
the Sixth Army area, with headquarters at the Presi- 
dio of San Francisco. 


J. A. Clarkson, head of the Department of Mathe- 
maties of Tufts College, has succeeded J. R. Kline in 
the position of executive secretary of the Division of 
Mathematics, recently established by the National 
Research Council. 


John T. Creighton, head of the Division of Ento- 
mology at the University of Florida, has been granted 
a year’s leave of absence in order that he may accept 
an invitation extended by ECA to join a special 
technical mission to Thailand. Dr. Creighton, who will 
serve as head of the Entomology Section of the mis- 
sion, will help plan a program in the teaching, re- 
search, and extension phases of entomology. 


George B. Cressey has just’ been appointed Maxwell 
professor of geography at Syracuse University. Dr. 
Cressey, who has completed 20 years as chairman of 
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the university’s Department of Geography, has served 
since 1949 as president of the International Geo- 
graphical Union. Preston E. James will succeed him as 
chairman of the Department of Geography. 


Beal B. Hyde has joined the staff of the Botany 
Department, Indiana University, where he will carry 
on cytogenetic investigations on Oenothera under a 
grant from the Rockefelfer Foundation. 


Mark Nickerson, formerly of the Department of 
Pharmacology, University of Utah College of Medicine, 
has been appointed associate professor of pharma- 
cology at the University of Michigan School of 
Medicine. 

F. G. Snyder, until recently teacher of geology at 
the University of Tennessee, has joined the technical 
staff of the St. Joseph Lead Co., Bonne Terre, Mo. 
He is now stationed at Leadwood, Mo. 


Grant Wernimont, staff assistant in Eastman Kodak 
Company’s color control division, has been appointed 
to the International Union of Pure and Applied 
Chemistry’s newly formed Commission on the Ex- 
pression of Analytical Results. The commission will 
draft proposals for the uniform expression of quanti- 
tative and qualitative analytical results and will deal 
with recommendations on the format of analytical 
results and on precise definition of certain chemical 
terms. Chairman of the commission is I. R. J. Forbes, 
of Amsterdam. 


Claude E. ZoBell, professor of marine microbiology 
at the Scripps Institution of Oceanography, is among 
17 international scientists aboard the Danish ship 
Galathea currently exploring the Emden Deep near 
Mindanao, P. I. He is conducting bacteriological ex- 
aminations on marine bottom deposits, which have 
been collected from the deepest known parts of the 
oceans. Dr. ZoBell’s work has been made possible by 
research grants provided by the Office of Naval Re- 
search and the University of California. 


Education 


Columbia University has begun a long-range study, 
financed by more than a dozen industrial concerns, of 
thermal problems in quenching. If successful, it may 
make possible the use of low-alloy steels, thus saving 
critical raw materials. Victor Paschkis, technical di- 
rector of the Columbia Heat and Mass Flow Analyzer 
Laboratory, will be head of the project. 

Through the generosity of Herbert F. Johnson, of 
Racine, Wis., Cornell University has purchased the 
personal library of the late Frank Hull, of Fortaleza, 
Brazil. Nearly all the 4,000 volumes relate to the 
history and development of Brazil, the most valuable 
part of the library describing discovery and travel in 
the Americas. 

Florida: State University has added the following 
members to the staff of the Department of Chemistry: 
Michael Kasha, physical chemist; Raymond Sheline, 
radiochemist; and Russell H. Johnson and Francis 
J. Kearley, organic chemists. 


October 19, 1951 


New York Academy of Medicine will begin its 
Lecture to the Laity series, on “Society and Medicine,” 
Nov. 9 with an address by James Spence of New- 
eastle upon Tyne, Eng. Ralph W. Gerard will speak 
November 21, Howard S. Liddell Dee. 5, Theodore H. 
Ingalls Dee. 19, Milton J. E. Senn Jan. 9, and Russell 
M. Wilder Jan. 30, Admission is free. 


University of Texas Medical Branch has placed 
Charles D. Dukes in charge of the Laboratory for 
Surgical Bacteriology; Robert L. Hargrave has been 
made assistant professor of pathology and coordina- 
tor of the cancer clinic and teaching program; Sal- 
vador Infante, professor of surgery in the Medical 
School of the University of San Salvador, will study 
for a year as a fellow in the Department of Pathol- 
ogy; and Roger Lienke has been appointed assistant 
professor of pediatrics. During August Harvey Slo- 
eum, professor of anesthesiology, was guest lecturer 
at the University of Nuevo Leén Medical School, 
Monterrey, Mexico, under an exchange program ar- 
ranged between the two schools. 

The George Vanderbilt Pacific Equatorial Expedi- 
tion of 1951 returned in September after a 34 months’ 
eruise through the Hawaiian, Leeward, and Line Is- 
lands. Under the joint sponsorship of the Academy of 
Natural Sciences of Philadelphia and the California 
Academy of Sciences, the expedition obtained the 
largest fish collections yet taken from the Leeward and 
Line Islands. Preliminary indications are that there 
will be many new records, as well as species. The 
expedition was under the personal direction of George 
Vanderbilt. Earl 8. Herald, curator of aquatic biology 
of: Steinhart Aquarium, aided in the organization of 
the biological work and made the cruise through the 
Line Islands. Vernon E. Brock, director of the 
Hawaiian Division of Fish and Game made the Lee- 
ward Island cruise as the official observer of the 
territorial government. Robert R. Harry, graduate 
student in ichthyology at Stanford University, made 
both cruises. The fish collections are now being sorted 
at the California Academy of Sciences, with reports on 
the collections being made by Robert Harry and some 
groups being reported by Earl Herald. 


Grants and Fellowships 


During the season that is rapidly coming to an end, 
grants from the Arctic Institute of North America have 
supported field research by John D. Campbell, of Me- 
Gill University, on glacial and postglacial climates of 
the Yukon; Hannah T. Croasdale, of Dartmouth, on 
the ecology of fresh-water algae in arctic and sub- 
arctic Alaska; Felix G. Gustafson, of the University 
of Michigan, on the vitamin content of plants in the 
Point Barrow district; William Irving, of the Uni- 
versity of Alaska, on the archaeological possibilities of 
the Brooks Range; Deric O’Bryan, of the Arctic, 
Desert and Tropic Information Center, on Eskimo 
culture on Mill Island (Hudson Strait); Dale J. Os- 
born, of McGill, on the fauna of Ungava-Labrador; 
Jacques Rousseau, of the Moritreal Botanical Gardens, 
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on the flora of the Torngat Mountains—Korok River 
region; and Kirk H. Stone, of the University of Wis- 
consin, on ice-dammed lakes in Alaska. 


The 1951 Lasker Awards of the American Public 
Health Association went to Florence R. Sabin, of 
Denver, for “outstanding accomplishments in public 
health administration;” to Elise L’Esperance, of the 
Strang Clinies, New York, and Catharine Macfarlane, 
of Women’s Medical College of Pennsylvania, joint 
award for their “inspiring application of preventive 
medicine to cancer control;” to Karl F. Meyer, of the 
University of California Medical Center, for bacterio- 
logical research extending over four decades; and to 
William G. Lennox, Boston Children’s Medical Center, 
and Frederick A. Gibbs, University of Illinois Medical 
College, joint award for their investigation of epilepsy. 
Group awards were conferred on the Health In- 
surance Plan of Greater New York and Alcoholics 
Anonymous. Awards will be presented Oct. 30 at the 
APHA annual meeting. 


The Leonard Wood Memorial (American Leprosy 
Foundation) will sponsor a clinical research program 
in five foreign countries to test the value of the sul- 
fones and other drugs in the treatment of Hansen’s 
disease. Principal financial support will come from a 
USPHS grant and from the Veterans Administration. 
Abbott Laboratories, American Cyanamid Company, 
Merck & Co., Ine., Parke, Davis & Co., Chas. Pfizer & 
Company, Squibb, Winthrop-Stearns, and Pan Amer- 
ican World Airways have also contributed cash or 
drugs, or both. The first research unit will be estab- 
lished at Westfort Institution, Pretoria, S. A. 


NRC News 


Wallace R. Brode, National Bureau of Stand- 
ards, has been appointed chairman of a new NRC 
Committee on Infrared Absorption Spectra. Other 
members are E. Carroll Creitz, R. Robert Brattain, 
Bryce L. Crawford, Robert R. Hampton, Lester E. 
Kuentzel, and James D. Stroupe. Working in close 
collaboration with the National Bureau of Standards, 
the committee will design a punch-card system for 
presenting and distributing infrared absorption data 
in both graphical and tabular forms; devise and im- 
plement methods of collecting the desired spectral 
data; direct and supervise evaluation of the data, ap- 
praise their quality, and devise means for checking 
the reported observations and the making of new 
measurements when the available data are unsatis- 
factory or conflicting; prepare a bibliography; and 
supervise the printing of punch cards and other forms 
of record. The new committee takes over the work of 
the Punch Card Committee of the Symposium on 
Molecular Structure and Spectroscopy of Ohio State 
University. For information about committee activi- 
ties, address E. Carroll Creitz, National Bureau of 
Standards, Washington 25, D. C. 


Applications for American Cancer Society Scholars 
in Cancer Research, to be effective July 1, should be 
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submitted before Jan. 1. Awarded annually on recom- 
mendation of the NRC Committee on Growth, the 
grants amount to $18,000, payable over three years, 
made directly to each scholar’s institution. Inquiries 
should be addressed to the executive secretary of the 
committee, National Research Council, 2101 Con- 
stitution Ave., N.W., Washington 25, D. C. Damon 
Runyon Clinical Fellowships, formerly recommended 
by the same committee, are now being administered by 
the Damon Runyon Memorial Fund, Hotel Astor, New 
York 19, where inquiries should be addressed. 


The USA National Committee for Crystallography, 
under the auspices of NRC, is canvassing contribu- 
tions in support of the publication program of the 
International Union of Crystallography. The publi- 
cations, started as replacements for wartime casual- 
ties, include: Acta Crystallographica, a journal now in 
Volume IV; Structure Reports, an annual critical re- 
view of all published work in the field of erystal- 
lography and x-ray and electron diffraction; and . 
International Tables for X-ray Crystallography, a 
compilation of physical and mathematical data re- 
quired for x-ray diffraction analysis. A strong and 
progressive publication program is essential to the use 
of x-ray and electron diffraction methods for deter- 
mining erystal and molecular structures, and for 
erystal identification. Most of the support for this 
international program prior to 1951 came from 
British sources, and the solicitation of an equivalent 
amount (about $35,000) from sources in this country 
has been authorized by NRC. Contributions have al- 
ready been received from research foundations and 
industrial organizations, but an additional $14,000 is 
needed. Chairman of the Canvassing Committee is 
L. 0. Brockway, Department of Chemistry, University 
of Michigan. 


Miscellaneous 


The National Science Foundation has moved from 
its temporary headquarters to larger offices at 2144 
California St., N.W., Washington, D. C. The new 
telephone number is Dupont 7625. 


A new policy group within the Research and De- 
velopment Board will include James A. Perkins (Car- 
negie Corporation of New York), deputy chairman; 
Robert C. Gunness (Standard Oil of Indiana), and 
Edwin A. Speakman (RDB Committee on Electron- 
ies), vice chairmen; S. Douglas Cornell, director of 
planning; and the three full-time military secretaries 
of the board, James F. Phillips, Robert W. Crichlow, 
and Steadman Teller. 


A new mathematical organization, the Tensor So- 
ciety, has been founded at Hokkaido University, Sap- 
poro, Japan. The society’s journal, Tensor, new series, 
will appear in two to three issues annually, and will 
contain 40 to 80 pages. Membership, at $2.00 per year, 
is open to all interested persons; application blanks 
may be obtained from A. Kawaguchi, of Hokkaido, 
or from H. V. Craig, University of Texas, Austin. 
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PHASE TRANSFORMATIONS IN SOLIDS 


Edited by R. SMoLucHowski, Carnegie Institute of Technology, J. E. Mayer, 
University of Chicago, and W. A. Wey, The Pennsylvania State College. This 
important new book is made up of papers (and the interesting discussions aroused 
by these papers) presented at a symposium held at Cornell University in 1948. 
Since scientists from different fields—physics, chemistry, ceramics, crystallog- 
raphy, metallurgy, mineralogy, etc.—have interchanged and correlated their in- 
finitely varied knowledge and experience on the phenomenon of phase trans- 
formation here, this book gives the first systematized, comprehensive treatment 
of this subject. 1951. 660 pages. $9.50. 


PATHOLOGY IN FOREST PRACTICE 


Second Edition by Dow Vawter Baxter, University of Michigan. This book 
presents the “inside story” of the origin, nature, and causes of diseases in trees 
and forests throughout the United States and the continent. It tells how to 
check, regulate and control pests and diseases that destroy or limit the usefulness 
of trees and their products. Thoroughly backed up by the author’s many years 
of teaching, research, and field experience here and abroad, this new edition 
couples the latest scientific developments with sound, tested principles and tech- 
niques of forest disease and control. 1951. Approx. 574 pages. Prob. $10.00. 


TENSOR ANALYSIS: Theory and Applications 


By I. S. Soxotnixorr, University of California at Los Angeles. A broad treat- 
ment that develops tensor theory and then applies it to Geometry, Mechanics, 
Relativity, Elasticity, and Fluid Dynamics. Written by a man whose familiarity 
with applied mathematics extends over a period of 25 years, the book’s accuracy 
and care in exposition, selection of illustrative material, and usefulness as a 
reference, make it the outstanding work on the subject. The latest volume in 
Wiley’s AppLiep MATHEMatTics Series. 1951. Approx. 362 pages. Prob. $6.00. 


FLUORINE AND ITS COMPOUNDS 


By R. N. Haszevpine and A. G. SHarpe, University of Cambridge. Written 
for the non-specialist, this book presents a compact and well-integrated intro- 
duction to fluorine chemistry. The history and occurrence, preparation, and the 
physical and chemical properties of fluorine and its compounds are covered sys- 
tematically and thoroughly. This is one of METHUEN’s MONOGRAPHS ON CHEM- 
IcaL SuBJECTs. 1951. In press. 


Send now for your on-approval copies. 


JOHN WILEY & SONS, Inc. 440 Fourth Avenue New York 16, N. Y. 


October 19, 1951 
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HOTEL RESERVATIONS 


118th AAAS MEETING 
Philadelphia, December 26-31, 1951 


The list of hotels and the reservation coupon below are for your convenience in making your hotel 
room reservation in Philadelphia. Please send your application, not to any hotel directly, but to the 
AAAS Housing Bureau in Philadelphia and thereby avoid delay and confusion. The experienced Housing 
Bureau will make assignments promptly; a confirmation will be sent you in two weeks or less. Share a 
room with a colleague if you wish to keep down expenses. Mail your application now to secure your 
first choice of desired accommodations. 


HOTELS AND RATES PER DAY 
Hotel* Single Double Twin-Bedded Suites 

ADELPHIA* $5.00—$6.00 $7.50-$10.50 $10.00-$12.50 $25.00-$35.00 
BARCLAY $ 8.00-$12.00 $14.00-$25.00 
BELLEVUE-STRATFORD*  $4.50-$6.00 $8.00-$10.00 $ 9.00—$12.00 $20.00-$30.00 
BENJAMIN FRANKLIN* $5.00-$7.50 $8.00-$10.50 $11.00—$13.00 $18.00 
DRAKE $6.00 $ 7.00 $ 9.00 $15.00 
ESSEX $4.75-$5.00 $6.00-$ 8.50 $ 9.00-$10.00 
JOHN BARTRAM* $3.25-$4.50 $5.00-$ 8.00 $ 7.00-$ 9.00 
PENN SHERATON $5.00-$7.50 $7.50-$10.00 $ 8.00-$10.50 $12.00-$15.00 
RITZ—-CARLTON* $7.00-$7.50 $11.00-—$12.00 
ROBERT MORRIS $4.50-—$5.00 $7.00-$ 8.00 $ 8.00 
ST. JAMES $4.00—$5.50 $6.00-$ 8.00 $ 6.50-$ 9.00 
SYLVANIA* $ 9.00-$11.00 $18.00 
WARWICK $ 9.00-$12.00 $22.00-$24.00 

Cots added to a room are $2.50 each; dormitory style rooms (for 5 or more) are $3.50 per person. 
* Hotels starred have sessions in their public rooms. For a list of the headquarters of each participating society and section, 
please see Association Affairs, Science, August 24, or The Scientific Monthly, September. 


——————————-— THIS IS YOUR HOTEL RESERVATION COUPON ——————-—-——-—-—- 


AAAS Housing Bureau 
Architects Building (1st Floor) 
Philadelphia 3, Pa. 


Please reserve the following accommodations for the 118th Meeting of the AAAS: 
TYPE OF ACCOMMODATION DESIRED 


Date of Application ..... 


. Single Room(s) Desired Rate ......... Maximum Rate ......... 
. -Double Room(s) Desired Rate ......... Maximum Rate ......... Number in Party ........ 
-»Twin-Bedded Room(s) Desised Rate Maximum Rate ......... 

. -Suite(s) Desired Rate .....060+ Maximum Rate ......... Sharing this room will be: 
rer rT (Enumerate persons here and attach list giving name and address of each person, including yourself) 
CHOICE OF HOTEL 
(These -must be indicated) 

(Please print or type) 

(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation, 
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REGISTER NOW 


for the Philadelphia Meeting of the AAAS 


AVOID CONGESTION AND DELAY 
GET YOUR GENERAL PROGRAM — 
BY FIRST CLASS MAIL — EARLY IN DECEMBER 


Registration in advance of arrival at the 118th Annual Meeting of the 
AAAS in Philadelphia, December 26-31, 1951, has several striking advantages: 


1. You avoid congestion and delay at Registration Desks at time of arrival. 
All indications point to a large attendance since all of the Association’s 
eighteen sections and subsections, and more than forty societies, have ex- 
cellent programs, and, in addition to paper-reading sessions, there will be 
the important symposia, conferences, and addresses for which an AAAS 
Meeting is noted. 


2. You receive the General Program early in December in ample time, un- 
hurriedly, to decide among the events and the sessions that you particularly 
wish to attend. 


3. Your name will be in the Visible Directory the first hour of the first day of 
the meetings, since it will be posted in Washington as soon as received. 
(Hotel address can be added later, if necessary.) 


4. Advance Registrants have the same privileges of receiving a map and 
directory of points of interest in Philadelphia, literature, radio broadcast 
tickets, etc. At the convenience of Advance Registrants, these will be dis- 
tributed from the Main Registration in the Municipal Auditorium—the 
location of the full-scale Annual Exposition of Science and Industry, the 
Visible Directory, the AAAS Science Theatre, and the Biologists’ Smoker. 


To insure its prompt receipt, the General Program will be sent by first class mail 
December 1-6, 1951—which last is also the closing date for Advance Registration. 


——-————-——-— THIS IS YOUR ADVANCE REGISTRATION COUPON -— 


1. Advance Registration Fee (the extra quarter covers part of the first class postage) enclosed: 
(0 $2.25 AAAS Member (check one) (C0 $2.25 College Student 
C $2.25 Wife (or Husband) of Registrant (0 $3.25 Nonmember of AAAS 


(Please print or typewrite) (Last) (First) (Initial) 
3. ACADEMIC, PROFESSIONAL, OR 
(For receipt of Program and Badge) 


(If not known now may be added later) 


7.. DATE OF ARRIVAL DATE OF DEPARTURE eee 


Please mail this Coupon and your check or money order for the fee, $2.25 or $3.25, to 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D. C. 


October 19, 1951 
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No more sticking sections . . . 
... or torn ribbons 


The Reco Neutra-Stat makes possible the 
cutting of perfect tissue sections in dry weather. 
Irradiating the air with harmless Alpha par- 
ticles, the Neutra-Stat discharges static elec- 
tricity from nearby surfaces. Placed to one side 
of the microtome, it is easily moved out of the 
way to change paraffin blocks or to make adjust- 
ments. 


The Model B eliminates static charges from 
analytical balances and other charged surfaces. 


microtomes 


No. 61-579 Reco Neutra-Stat, Model M, for 
$15.00 


No. 3-977 Reco Neutra-Stat, Model B, for bal- 
ances and charged surfaces $16.00 


Please write for descriptive literature 


SEE OUR EXHIBIT 
“SEE OUR EXHIBIT” 
You are cordially invited 
to visit our exhibit e 
BOOTH #383 
23rd Exposition of Chemical In- 


dustries, Grand Central Palace, 
New York, New York 


Nov. 26, to Dec. 1, 1951 EXPOSITION 
CHEMICAL 


INDUSTRIES 


ans E. MACHLETT & SON 


boralory KPPARATUS + SUPPLIES + CHEMICALS 
220 East 23rd Srreet + New Yor« 10,N.Y. 
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Publications Received 


Activity Analysis of Production and Allocation. Tjalling 
C. Koopmans, Ed. New York: Wiley; London: Chap- 
man & Hall, 1951. 404 pp. $4.50. 

Adsorption. 2nd ed. C. L. Mantell. New York—London: 
McGraw-Hill, 1951. 634 pp. $9.00. 

Advances in Enzymology and Related Subjects of Bio- 
chemistry, Vol. XI. F. F. Nord, Ed. New York- 
London: Interscience, 1951. 471 pp. $9.00. 

The Chemical Activities of Bacteria. 3rd ed. Ernest F. 
Gale. New York: Academic Press; London: Univ. 
Tutorial Press, 1951. 213 pp. $2.50. 

The Chemistry and Technology of Food and Food 
Products, Vol. I. 2nd ed. Morris B. Jacobs, Ed. New 
York: Interscience, 1951. 832 pp. $12.00. 

Cytological Technique. 3rd ed. John R. Baker. London: 
Methuen; New York: Wiley, 1950. 211 pp. $1.75. 

Farm Crops: Judging, Identification and Grading. Hi W. 
Staten and Melvin D. Jones. Philadelphia: Blakiston, 
1951. 251 pp. $4.50. 

Groups, Leadership and Men: Research in Human Rela- 
tions, Reports on research sponsored by the Human 
Relations and Morale Branch of the Office of Naval 
Research 1945-1950. Harold Guetzkow, Ed. Pittsburgh: 
Carnegie Press, 1951. Distributed by Rutgers Univ. 
Press, New Brunswick, N, J. 293 pp. $5.00. 

Handbook of Nutrition. Symposium prepared under the 
auspices of the Council on Foods and Nutrition of the 
American Medical Association, 2nd ed. Philadelphia: 
Blakiston, 1951. 717 pp. $4.50. 

Microbiology and Pathology for Nurses. 3rd ed. Mary 
Elizabeth Morse et al. PhiladelpLia: Saunders, 1951. 
815 pp. $4.75. 

The Preparation of Programs for an " Electronic Digital 
Computer. With special reference to the EDSAC and 
the use of a library of subroutines. Maurice V. Wilkes, 
David J. Wheeler, and Stanley Gill. Cambridge, Mass.: 
Addison-Wesley, 1951. 167 pp. $5.00. 

Problems of Infancy and Childhood. Transactions of the 
Fourth Conference, March 6-7, 1950, New York. Milton 
J. E. Senn, Ed. New York: Josiah Macy, Jr. Founda- 
tion, 1951. 181 pp. $2.50. 

Punched Cards: Their Applications to Science and In- 
dustry. Robert 8. Casey and James W. Perry, Eds. New 
York: Reinhold, 1951. 506 pp. $10.00. 

Social Anthropology. E. E. Evans-Pritchard. Glencoe, 
Iil.: Free Press, 1951. 134 pp. $2.50. 

Technical Libraries: Their Organization and Manage- 
ment. Lucille Jackson, Ed. New York: Special Li- 
braries Assoc., 1951. 202 pp. $6.00. 

A Textbook of Medicine. 8th ed. Russell L. Cecil and 
Robert F. Loeb, Eds. Philadelphia-London: Saunders, 
1951. 1,627 pp. $12.00. 

200 Miles Up: The Conquest of the Upper Air. J. Gordon 
Vaeth. New York: Ronald Press, 1951. 207 pp. $4.50. 

Uber Kurven und Flachen in allgemeinen Raumen. P. 
Finsler. Basel: Verlag Birkhiiuser, 1951. 160 pp. 12.- 
Sw. fr.; 14.80 Sw. fr. bound. 

Using Your Mind Effectively. James L. Mursell. New 
York: MeGraw-Hill, 1951. 264 pp. $3.00. 

The Woodbine and Adjacent Strata of the Waco Area 
of Central Texas. A Symposium for the 1951 Field Trip 
Sponsored by the East Texas Geological Society. Frank 
E. Lozo, Ed. Dallas: Southern Methodist Univ. Press, 
1951. 164 pp. and plates. $6.25 paper; $7.50 cloth. 
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Outstanding Macmillan 


Erwin B. Kelsey & Harold G. Dietrich 


Fundamentals of Semi-Micro 
Qualitative Analysis, Rev. Fd. 


This revision represents a complete rewriting of the original text. Both 
the theoretical and analytical sections have been rewritten. Procedures 
for analytical groups are presented in the form of tabular outlines. 
With each analytical group there is included a discussion of the specific 
theoretical concepts applied in the group. Published in September— 


$4.00 
Wendell M. Latimer & Joel H. Hildebrand 


Reference Book 
of Inorganic Chemistry, 3rd Fd. 


In the new third edition recent investigations in the field are included, 
and the entire book is brought up-to-date generally with the presenta- 
tion and interpretation of the new material. The subjects of molecular 
structure and thermodynamics are emphasized heavily, and include 
explanations of oxidation potentials, equilibrium constants and free en- 
ergies. Ready in November 


E. Howard Smart 


Advanced Dynamics, in two vols. 


Volume I, Dynamics of a Particle, gives a complete discussion of recti- 
linear motion with acceleration directed towards and away from a fixed 
point; oscillating particles; simple harmonic motion with unresisted 
and damped vibration; impulsive forces applied to problems of impact. 
Volume II, Dynamics of a Solid Body, embraces a complete discussion 
of d’Alembert’s principle and the equations of motion in two and three 
dimensions; Lagranges’ equations and generalized coordinates; the mo- 
tion of a top; Hamilton’s equations and general theorems of impulses. 
Published in August—$12.00 the set 


THE MACMILLAN COMPANY 
60 A OR OR 


October 19, 1951 


MACMILLAN 
15 


re speed of 1500 r.p.m. is main- 
tained by a shaded pole induction 
motor which eliminates noise, rheo- 
stat and brush trouble. A hardened 
steel drive shaft and Oilite bearings 
retard motor wear. The heavy, stable 
cast iron base has a baked, acid-resist- 
ing finish, Trunnion cups to carry 
No. 16-975 3 ml. tubes are supplied. 
Interchangeable Trunnion cups to 
carry 0.5, 1 or 2 ml. tubes supplied 
upon request. 115 volt, A.C. only. 
Immediate delivery 


$32.00 


Meetings & Conferences 


Oct. 22-26. American Society of Civil Engineers (An- 
nual). Hotel Statler, New York. 

Oct. 22-26. American Institute of Electrical Engineers 
(Fall). Hotel Cleveland, Cleveland. 

Oct. 23. Association of Consulting Chemists and Chemical 
Engineers (Annual). New York. 

Oct. 23-24. Optical Society of America (Annual). Hotel 
Sherman, Chieago. 

Oct, 24-27. American Physical Society. Chicago. 

Oct. 25. Society of Exploration Geophysicists (Eastern) 
Webster [lull Hotel, Pittsburgh. 

Oct. 26. Association of Honorary Consultants to the 
Army Medical Library (Annual). Washington, D. C. 
Oct. 26-27. Institute of Mathematical Statistics. Wash 

ington, D. C. 

Oct. 27. American Mathematical Society. Washington, 
D. C. 

Oct. 29-31. Conference on Electrical Insulation (Annual). 
National Bureau of Standards, Washington. 

Oct. 29-31. National Lubricating Grease Institute (An 
nual). Edgewater Beach Iotel, Chiengo. 

Oct. 29-Nov. 2. American Publie Health Association. 
Civie Auditorium, San Franeiseo. 

Oct. 29-Nov. 2. Institute on Administration of Scientific 
Research and Development. American University, Wash- 
ington, D. €. 

Oct. 29-Nov. 3. National Paint, Varnish, and Lacquer 
Association. Chalfonte-ITaddon Tall. Atlantie City. 
Oct. 29-Nov. 3. Primer Congreso Nacional de Ingenieria 

Civil. Ciudad de Monterrey, Mexico. 

Oct. 29-Nov. 16. Inter-Agency Institute for Hospital 
Administrators. Federal Security Ageney, Washington. 

Nov. 1-2. American Association of Petroleum Gevologista, 
Pacifie Section (Fall); and Society of Exploration 
Geophysicists, Pacific Coast Section (Fall). Ambassa- 
dor Hotel, los Angeles. 

Nov. 1-2. Mid-Continent Oil & Gas Association, Louisi- 
ana-Arkansas Division (Annual). The Roosevelt, New 
Orleans. 

Nov. 1-3. American Physical Society, Division of Elee- 
tron Physics. National Bureau of Standards, Wash- 
ington. 

Nov. 1-3. Audio Engineering Society (Annual). Hotel 
New Yorker, New York. 

Nov. 1-3. Entomological Society of Canada (Joint with 
Entomological Society of Ontario). Chateau Laurier, 
Ottawa. 

Nov. 1-3. Indiana Academy of Science. Butler University, 
Indianapolis. 

Nov. 4-11. Sociedade Brasileira para o Progresso da 
Ciéncia, Belo Horizonte, Brazil. 

Nov. 5-6. Hawaii Public Health Association (Annual). 
Mabel Smyth Auditorium, Honolulu. 

Nov. 5-7. National Academy of Sciences (Autumn). Yale 
University, New Haven, Conn, 

Nov. 5-8. American Petroleum Institute (Annual). 
Stevens Hotel and Palmer House, Chicago. 

Nov. 7-9. Industrial Research Institute. Cincinnati. 

Nov. 8-9. National Conference on Industrial Hydraulics. 
Sherman Hotel, Chicago. 

Nov. 8-10. Conference on the Education of Teachers in 
Science. Ball State Teachers College, Muncie, Ind. 

Nov. 8-10. Geological Society of America. Detroit. 

Nov. 8-10. Mineralogical Society of America. Detroit. 
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AIR WAR AND EMOTIONAL STRESS. Psychological Studies of Bombing and 
Civilian Defense 


By Irvine L. Janis. The Rand Series. 280 pages, $5.00. 


A comprehensive analysis of all existing reports on the psychological aspects of air war with the psy- 
chological effects of atomic bombing and conventional air attacks described in detail. The book con- 
sists of three main sections: 1) Reactions at Hiroshima and Nagasaki, 2) Effects of Air War, and 
3) Psychological Aspects of Civilian Defense. 


PULP AND PAPER MANUFACTURE. Volume 2. Preparation of Stock for Paper Making 


Prepared under the Direction of the Joint Textbook Committee of the Paper Industry of the 
United States and Canada. Editor-in-chief: J. N. StrepHenson. Ready in October 


This volume, the second of a new series of four, is based on Volumes III, IV, and V of a former 
series known as The Manufacture of Pulp and Paper. New developments have necessitated a re- 
integration of old material with new methods and procedures. Several new processes for the prepara- 
tion of papermaking stocks have been developed. These development: are described and an addi- 
tional chapter is included which contains sections on Semichemical Pulping and The Mechanical 
Pulpirig of Pretreated Wood. 


PRINCIPLES OF QUANTUM MECHANICS 


By W. V. Houston, Rice Institute. International Series in Pure and Applied Physics. Ready in 
December. 


Provides the student with an understanding of the uses of quantum mechanics in the various fields 
of physics. Contains a deductive presentation of the wave mechanics form of quantum mechanics 
and includes a general outline of the basic theory developed from two fundamental postulates, fol- 
lowed by a series of illustrative applications. 


FIELD CROPS. New 2nd Edition 


By H. C. Ratuer; and C. M. Harrison, Michigan State College. McGraw-Hill Publications in 
the Agrciultural Sciences. Ready in November. 


An excellent revision of this very successful text, the second edition covers the major field crops, their 
distribution, planting, management, harvesting and use. Also specific chapters deal with such broad 
areas as soil conservation, land use, crop improvement, and forage and pasture management, with par- 
ticular emphasis on management for livestock use. 


Send for copies on approval 


McGRAW-HILL EY BOOK COMPANY, Inc. 
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PERSONNEL PLACEMENT 


YOUR on hoe reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 


CLASSIFIED: 15¢ per word, minimum charge $3.00 Use of 
jox Number counts as 10 additional words. 
DISPLAY: $17.50 per inch, no charge for Box Number. 


Correct payment to SCIENCE must accompany all ads. 
Insertion usually made 2 or 3 weeks after receipt of ad. 


SCIENCE @ 1515 Mass. Ave., N.W., Wash. 5, D. C. 


POSITIONS WaNTED 


Bacteriologist: M.S. Commercial, medical, and teaching experience. 
Technical administration. Desires responsible laboratory and ad- 
ministrative position. Box 20, SCIENCE. 


POSITIONS OPEN 


Biologist. Scientific supply house requires experienced person in 
preserved material department. training, experi- 
ence, salary expected. Box 21, SCIENCE. 


SCIENTISTS—-salaried positions, $3,600 to $25,000. 
This confidential service for outstanding men who ba a change 
of connection, will develop = conduct preliminary negotiations 
without risk to present ition. Send name and address for details. 
TOMSETT AS 1ATES 335 Frick Pittsburgh 19, Pa. 


Virologist, M.D. or Ph.D. Research, no routine diagnostic work; 
teaching optional. Experience in neurotropic viruses, poliomyelitis, 
tissue culture and animal work. Senior permanent position in 
medical school. Box 14, SCIENCE, 10/19 


—The MARKET PLACE- 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 
CLASSIFIED: 20¢ per word, minimum charge $5.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 
DISPLAY: Rates listed below—no char; > for Box Number. 
Monthly invoices will be sent on a c ae pene basis 
—providing satisfactory credit is establis 
Single insertion $17.5C per inch 
7 times in 1 year 16. 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 11.00 per inch 
For PROOFS on display ads, ee! must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


Chemist or Chemical Engineer: Graduate work helpful but not es- 
sential. Must have g manages oe A and approach, be alert and 
with active ihapleadion along chemical lines. Work will be con- 
tacting v~_ and government agencies to develop sales of new 
products and the opportunities for manufacture of new products. 
Applicants should supply full particulars on education, experience, 
previous emplcyment, usual personal information, and salary de- 
sired. Write Box S 1603, 221 W. 41 St., N. Y. 18, N. Y. 10/26 


reach over 


32,000 


foremost scientists 

in government 

educational institutions 

research foundations 

and industrial laboratories 
for LESS THAN 1/5th OF A CENT 

per scientist reached. 


Your sales message in an ad this size costs on bm f 50 at the 
one-time rate—less for — insertions. A results !— 
well, here’s what one = many satisfied advertisers in 

SCIENCE has to say . 


“SCIENCE is our most 
medium. Business secured Solely thru SCIE. 
has been the backbone of our success in this field.” 


Prove to the effectiveness of SCIENCE increasi 
your Marke and PROFITS—send your ‘ NOW 
further -y is desired write for 

lo 


SCIENCE e¢ 1515 Mass. Ave., N.W., Wash. 5, D. C. 


AVOID DELAY... . Cash IN ADVANCE 


MUST be enclosed with ALI classified ads. 
(See “Charges and Requirements” above.) 


WANTED TO PURCHASE ... foreign 
SCIENTIFI Peniopicats } Nbraries and | smaller 


WALTER Jj. JOHNSON @ 125 East 23rd St., New York 10, N. Y. 


(| 
GEOLOGY APPLIED TO SELENOLOGY 


@ By j. E. SPURR 
“This is the first time that Lunar features have been 
studied carefully by one trained and experienced in 
Modern Struc‘ural and Igneous Geology.” —Journal of 
Geology 

@ FEATURES OF THE MOON 
Vols. I and II combined, 1945, 430 pp., 95 text 


figures $5.00 
@ LUNAR CATASTROPHIC HISTORY 
Vol. Ill, 1948, 253 pp., 47 text figures 4.00 
@ THE SHRUNKEN MOON 
Vol. IV, 1949, 207 pp., 36 text figures 4.00 ° 
COMPLETE SET 12.00 
ROBERT A. SPURR 


@ Box 413, College Park, Maryland 


SCIENTIFIC BOOKS and PERIODICALS WANTED j 
Complete libraries—Sets and Te titles 
, please send us your went | 


STECHERT-HAFNER, INC, 
+ East 10th S . New York 3 


BACK NUMBER PERIODICALS — Bought and Sold 


@ Teli us what you want!—What have you to offer? 


Abrahams Magazine Service » CEPT. P, 56 E. 13th ST. 
1889 new YORK 3, N. Y. 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please omg 
us lists and description of periodical are CANNER, TNE: 

at high market prices. Write Dept. A3S. Bost inc, 


18 
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JIISSSes! 


— 


institutions, industrial 

laboratories, and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 

CLASSIFIED: 20¢ per word, minimum charge $5.00. Use of 
Box Number counts as 10 additional words. 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge ie for Box Number. 
Monthly invoices will be sent on a om account basis 

—providing satisfactory credit is established. 


Single insertion 


7 times in 1 year ~~ 16.00 per inch 
13 times in 1 year 14.00 per inch 
26 times in 1 year 12.50 per inch 


52 times in 1 year 


fer 988 PROOFS on display ads, 
weeks before date of issue 


11.00 per inch 


must reach SCIENCE 4 
(Friday of every week). 


PROFESSIONAL SERVICES _ 


New.Food Ingredients - New Drugs 


. ANIMAL TESTS 


Analyses - Consultation - Research 


LaWall & Harrisson 


Div. S, 1921 Walnut St., Philadelphia 3, Pa. 


Bacteriologists 
Chemists - Pharmacologists 


SUPPLIES AND EQUIPMENT 
PARASITOLOGICAL PREPARATIONS 


e@ high quality —low priced. Write for catalog 
TROPICAL BIOLOGICALS @ P.O. Box 2227, San Juan, Puerto Rico. 


new HEINICKE 
micro. 
iHuminator! 


Designed by Dr. Kurt |. Heinicke, for the inclined binocular 

at all magnification levels. 3” clear 

aspheric condensing system. Equal or bettter than $60.00 

iluminators. Price $9.50. Please order directly or write 
e ail s 


HEINICKE Instrument Corporation 
HOLLYWOOD, FLORIDA 


e@ P. O. BOX 2872 


LABORATORY ANIMALS docs RATS. 
Clean healthy well-fed animals) MICE POULTRY GUINEA PIGS 


& Guaranteed suitable for your needs. 


bly Dependal JOHN C. LANDIS + Hagerstown, Md. 


All Amino Acids (natural, synthetic, unnatural), 
Rare Sugars, Biochemical Products, Reagents. New Pharma- 
ceuiicals in stock. Write or phone PLaza 7-8171 for complete 
price list. 


BOOKS @ SERVICES @ SUPPLIES @ EQUIPMENT 
YOUR ad here reaches over 32.000 foremost scientists || SUPPLIES AND EQUIPMENT ||| mt 


AMINO ACIDS e BIOCHEMIC 
PRE. MIXED MICRORIOL ASSAY MEDIA 


H. M. CHEMICAL COMPANY, LTD. 
144 North Hayworth Avenue Los Angeles 48. California 


STAINS 


STARKMAN Biological Laboratory © 


LOOK AROUND... 


number of satisfied advertisers 


in practically every issue of SCIENCE proof these ads 
get results! If you have a product or service of interest to scientists, 
why not take advantage of this low-cost means of increasing your 
profits! 


October ‘19, 1951 


SODIUM IODIDE, THALLIUM-ACTIVATED CRYSTALS 
Vacuum-sealed in quartz envelopes to insure permanency. Desi = 
for scintillation work with standard photomultiplier tubes. 

for Bulletin SC-5. NUCLEAR RESEARCH CORP. 2707 Federal 
Street, Philadelphia 46, Pa. H 


For CONSISTENT Rats .. . 


@ BUDD MT. RODENT FARM 
@ CHESTER, N. j. 


Breeders of a recognized strain of Wistar. 


FREE CATALOG No. 677.. 


Lists more than 300 items for Research — 
Biological, Microbiological, Bacteriological, 
Biochemical, Nutritional. Write 


g GB 72 LABORATORY PARK 
CHAGRIN FALLS, OHIO 
ANIMAL CAGES AND ACCESSORY 
EQUIPMENT 
BUY DIRECT FROM MANUFACTURER 
HOELTGE BROS., Inc. 


1919 Gest St. Cincinnati 4, Ohio 
Write for Mustrated Catalog 


Range 1.2 to 7.5 Specific Gravity 
For the Determination of Specific Gravity 


Minerals—Gems—and other substances. 
Write for leafiet HL-S 
. CARGILLE 118 Liberty St., New York 6, N. Y. 


Entries in the Fifth International Photography- 
in-Science Salon, sponsored annually by THE 
Screntiric Montuty and the Smithsonian In- 
stitution, should be sent (prepaid) to the Edi- 
tor, The Scientific Monthly, 1515 Massachusetts 
Ave., N.W., Washington 5, D. C., Nov. 1-Nov. 
27. All necepted photographs will be shown at 
the AAAS meeting in Philadelphia Dee. 26-31, 
and later throughout the U. S. For entry blanks 
and full information write to the address given 
above. 


The MARKET PLACE 
| 
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Paper Partition 


TOGRAPHY PROFESSIONAL LIBRARY 
Equipment 
TAXONOMIC KEYS TO THE 

Cabinets COMMON ANIMALS OF THE 
Peo & Racks NORTH CENTRAL STATES 

iscellaneous by Samuel Eddy and A. C. Hodson, 
Accessory Equipment University of Minnesota 
Specially Thi 1 ised editi the identi- 
Designed for destin of af 
Paper Partition Parasitic worms, insects and birds. 
Chromatographic It tai yer 600 illustrations, i 


important papers dealing with taxonomy. 


This book is widely used for field biology and 
a Write for biology classes, and as a personal and school 
CHROMATOCAB Descriptive 
Model B300—Insulated PRICE $2.25 


Send for an On-Approval Copy 


BERKELEY CHROMATOGRAPHY DIV. 


University Apparatus Company 
Dept. H @ 2229 McGee Avenue @ Berkeley 3, Calif. 


KLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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F428 SOUTH SIXTH STREET MINNEAPOLIS 15, MINNESOTA 
€ 
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PROBLEMS 


here’s help for you... 


ype tireless servant in your laboratory will automatically 
collect any number (up to 200) of rigidly controlled samples 
of predetermined fluid volumes. Each collected sample may 
comprise any number of drops from one to four hundred. As 
each separate sampling is completed, the carriage automat- 
ically advances to repeat identical collections consecutively 
until the whole fractionation has been made. 

All you have to do is to set it up for the conditions of the 
chosen experiment, short or long, and then leave it alone. 
The machine will plod along without attention hour after hour, 
all day (and night) long. When the job's done, it will shut 
itself off. 

The Technicon Fraction Collector has been thoroughly 
tested in actual laboratory installations, where it has proven 
invaluable to busy research staffs. We shall be happy to send 
you details. 


Ref. Chromatography of Amino Acids on Storch Columns— 
W. H. Stein and S. Moore, Irnl. Biol. Chem. 176; 337,(1948) 


saves time and labor 
relieves laboratory staff of the fretful and time- 


consuming chore of fraction-cutting: releases workers 
for other duties. 


( triples work output 


you can run it twenty-four hours a day, continuously, 
to triple fractionation output as compared with an 8 
hour laboratory day. 
4 gives greater resolution 


by collecting a large number of small fractions, 
rather than a few gross ones, you'll get more dota 
from a given fractionation, e.g. a chromatogram, or 
@ fractional distillation. 


because the possibility of human error is automati- 
cally ruled ovt. Now fraction-collection becomes a 
straightforward mechanical procedure. 


fraction 
collector 


CON CHROMATOGRAPHY 
215 East 149th Streets 
New York 51. N.Y. 
information 
Collector. 
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RESEARCH POLARIZING 
MICROSCOPE No. P37A MICROSCOPE No. P39A 


During the past five years two Spencer 
Polarizing Microscopes have been 
regularly equipped with Polaroid 
polarizers and analyzers. These have 
proven so successful that we are now 
offering a complete line of instru- 
ments with polaroid elements. This 
means substantial savings to you, 
whether you buy the simplest or most 
elaborate. Experience has shown that 
performance is outstanding in every 
respect—durability, resistance to 


LARGE POLARIZING 


POLARIZING MICRO- 


SCOPE No. P41AC SCOPE No. P40AC 


heat, sensitivity of extinction point, 
image contrast, and freedom from 
residual color. Spencer Polarizing 
Microscopes with Ahrens prisms are 
still available. Choose your polariz- 
ing microscope from this extensive 
line of American-made instruments 
for assurance of finest performance 
and readily available service. Ask 
your AO Spencer Distributor to show 
you the new microscopes with Po- 
laroid elements, or write Dept-X3. 


American @ Optical 


COMPANY 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 


Makers of Precision Optical Inshuments for over 100 Years 


AS 


POLARIZING MICRO- 
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